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DIFFERENTIAL CELL COUNTS IN THE BLISTER FLUID OF 
ALLERGIC ECZEMATOUS AND IRRITANT BULLOUS LESIONS 


Rupo.tr L. Barr, New York, N. Y., AND MEYER YANOwITZ, MIAMI, FLA. 


CONSIDERABLE amount of evidence has been accumulated in animal 
A experiments which shows that lymphocytes, monocytes, and plasma cells’ 
play an important role as carriers of the presumptive antibodies which mediate 
allergic skin hypersensitivity of the tubereulin type and contact type (Land- 
steiner and Chase,' Chase,’ and others). More recently H. S. Lawrence* re- 
ported that he was able to passively transfer tubereulin-type sensitivity in 
human beings with leukocyte suspensions, indicating, here too, that the leuko- 
eytes play an important role, at least as carriers of these presumptive antibodies. 
Chase has demonstrated in guinea pigs that the intensity of the passively trans- 
ferred hypersensitivity varies with the number of white cells and the degree 
of sensitivity of the — donor, a finding which received considerable support 
from the work of H. 8. Lawrence in human beings. The possibility of passive 
transfer of allergic eczematous contact-type sensitivity in man by means of 
white cell suspensions is suggested by the experimental results of Baer and 
Sulzberger.” 

In the experimental animal it has not yet been possible to produce an exact 
morphologic replica of the eezematous response as it is seen in human beings, yet 
allergic contact dermatitis in animals is in an immunologic sense sufficiently 
close to allergic eezematous contact type dermatitis in man to make it appear 
very likely that, also in human beings, the mononuclear cells play an important 
role as the carriers of the presumptive antibodies. 

Nexmand‘ found in consonance with this theory that mononuclear cells are 
predominant in the blister fluid of allergic eczematous reactions, and that in 
contradistinetion polymorphonuclear leukocytes predominate in the blister fluid 
of reactions produced by primary irritant substances. In more recent studies 
with nitrogen mustard, Nexmand*® demonstrated that this difference exists even 
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between primary irritant and allergic eczematous vesicles elicited by one and 
the same substance. Moreover, in histopathologic studies he observed predomi- 
nantly mononuclear cells in the dermal infiltrate in allergic eezematous reactions 
and polymorphonuclear leukocytes in primary irritant reactions. 


EXPERIMENTAL PROCEDURE 


Differential cell counts were done on fluid aspirated from vesicles or bullae, 
occurring either as a clinical manifestation of an eczematous allergic skin 
eruption, or deliberately produced by the usual patch test technique with various 
allergenic and primary irritant substances. The primary irritant substances 
employed were tincture of cantharides, which was left on the skin for 24 to 48 
hours, and 5 per cent aqueous solution of phenylmercurie triethanol ammonium 
acetate (PMTAA) which was left on the skin for 48 hours. Where cell counts 
of the blister fluid produced by tineture of cantharides and of PMTAA solution 
were compared, both substances were applied for 48 hours. The blister fluid 
was aspirated by means of a tuberculin syringe with a 26 gauge needle and a 
smear was prepared immediately by the technique customarily used for blood 
smears. The smears were stained with Wright’s stain or Giemsa stain. When- 
ever possible 500 cells were counted in each smear. 


RESULTS 


The blisters produced by application of tincture of cantharides consisted 
of a tense, thin-walled bulla containing a relatively clear fluid and with little 
surrounding inflammatory erythema. PMTAA solution caused a thin-walled 
bulla containing a thick cellular exudate with well-marked erythema in the 
surrounding zone. 

The identification of the cells in the blister fluid smears presented several 
problems. This was especially true in some smears from allergic eczematous 
reactions and in smears from bullae produced by PMTAA. In the smears from 
allergic eezematous blisters it was difficult and at times impossible to differentiate 
between lymphocytes and monocytes. This difficulty does not appear to be of 
ereat importance in connection with the problem at hand. Therefore, these two 
cell types are here classified together in the category of mononuclear cells. An- 
other problem arose mainly in smears from reactions to PMTAA. These showed 
many degenerating, fragmented, and poorly stained cells. The usual procedure 
in doing differential cell counts is to disregard the few degenerated cells present 
which cannot be accurately identified. However, where the number of such 
degenerated cells is unusually large, this may have a considerable effect upon 
the result of the differential count of those cells which can be identified. We 
decided to list degenerated and thus unidentifiable cells as a separate category 
in all our tables. 

Experiment A.—Differential cell counts were carried out in the blister 
fluid of allergic eczematous reactions in 12 patients. These patients either 
presented an eruption with vesicular lesions or they were patch tested with one 
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or more eczematogeni¢ allergens to which they were known to be sensitive. A 
total of 17 differential counts were done in this category. The results are 
presented in Table I. 


TABLE I. DIFFERENTIAL CELL Count IN BLISTER FLUID FROM ALLERGIC ECZEMATOUS 

















REACTION 
canneltl  o- = 4 i ‘TOTAL 
POLY- | | | | | DEGEN- | MONO- 
CASE |MORPHO-| LYMPHO- | MONO- |EOSINO- BASO- | ERATED | TOTAL | NU- 
NO. | ALLERGEN | NUCL. CYTES | CYTES | PHILS PHILS | CELLS POLYS. | CLEARS 
{1 Pateh test with 0.6 69.4 3.2 20.6 0 5.6 21.2 72.6 
hair dye 
2 Poison Ivy derma- 5.0 77.2 0.8 10.6 5.8 0.6 21.4 78.0 
titis 
3 Poison Ivy derma- 0.8 93.2 3.6 2.0 0.4 0 3.2 96.8 
titis 
4 Pateh test with 2.2 77.4 20.4 0 0.6 0 2.8 97.4 


compound tine- 
ture of benzoin 
4. Pateh test with 1.3 83.7 14.1 0.7 0 0 2.0 97.8 
compound tine- 
ture of benzoin 
(done 11 days 
later ) 


5 Pateh test with 43.5 51.8 2.2 22 0 0.4 45.6 54.0 
poison ivy oleo- 
resin 

6 atch test with 0 77.4 22.6 0 0 0 0 100.0 
proprietary 
scalp prepara- 
tion 

7 Poison Ivy derma- 25.8 51.4 1.2 16.6 4.2 0.8 46.6 52.6 
titis 

8 Patch test with 81.8 7.0 2.0 8.4 0.8 0 91.0 9.0 
benzocaine 

8 Patch test with 7.4 70.8 8.2 7.6 4.6 1.4 19.6 79.0 
salicylic acid 

8 Pateh test with 30.0 64.6 1.6 2.8 0.4 0.6 33.2 66.2 
resorein 

8 Pateh test with $31 71.4 0 1.0 7.0 2.2 26.1 71.4 
penicillin 

9 Pateh test with 61.6 28.8 2.4 2.4 4.8 0 68.8 1.2 
poison ivy oleo- 
resin 

10 Adhesive tape 61.0 38.1 1.0 0 0 0 61.0 39.0 
dermatitis 

11 Pateh test with 26.4 59.0 7.2 0.2 (Ff. 0 33.8 66.2 
permanent wave 
lotion 

12 Pateh test with 78 61.8 4.4 yal 22 2.5 Bb 66.2 
p-phenylene 
diamine 

12. Pateh test with 28.2 5 RY § 1 18.0 8.8 6.4 55.0 38.8 


nickel sulfate 





Experiment B.—Difterential cell counts were carried out in the blister fluid 
of primary irritant reactions produced on the grossly unaffected skin of 12 
patients with noneezematous dermatoses. In each of these patients reactions 
were produced simultaneously at one site with tincture of ecantharides and at 
another site with PMTAA. The results are presented in Table II. Tincture of 
cantharides was also applied in an additional 21 patients with noneczematous 
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dermatoses including several cases of atopic dermatitis, in whose noneezematous 
eruption allergenic factors may of course have played a role. The results are 
presented in Table II. 


TaBLE LIT. DIFFERENTIAL CELL COUNTS IN BLISTER FLUID PRODUCED BY TINCTURE OF 
CANTHARIDES IN THE NORMAL-APPEARING SKIN OF PATIENTS WITH 
NONECZEMATOUS ERUPTIONS 


ne on oO | | Toran 


| 
| ee ee ee ee ee 
| | | | | | | NU- 
CASE | | | | | DEG. | TOTAL | CLEAR 
NO. | DIAGNOSIS | POLYS. | LYMPHS, | MONOS.| EOS. | BASOS. | CELLS | POLYS. | CELLS 
~ 1 Lichen Planus 96.0 1.6 0.4 0.8 0.4 0.8 97.2 2.0 
2 ~ Jichen Planus 68.6 29.0 0.8 1.6 0 0 70.2 29.8 
3 Lichen Planus 86.0 8.2 0.2 a 0 0 91.3 8.4 
4 Lichen Planus (of 70.2 28.4 0.8 0.6 0 0 70.8 29.2 
oral mucosa) 
5 Lichen Planus 86.2 12.8 0.6 0 0 0 86.2 13.4 
6. Psoriasis 23.0 73.6 1 1.5 0 0.3 24.5 75.1 
7 Psoriasis 77.4 21.4 0.4 0.2 0 0.6 77.6 21.8 
8 Psoriasis 29.0 59.8 5.0 6.2 0 0 done 4.8 
9 Psoriasis 89,2 8.2 0) Ls 0 0.8 91.0 8.2 
10. Lichen Simplex 58.2 36.4 0 2.8 0 2.4 61.0 36.4 
Chroniecus 
11 Acute Systemic 97.4 2.2 0.4 0 0 0 97.4 2.6 


Lupus Ery- 
thematosus 

12. Subacute Systemic 89.8 10.0 0.2 0 0 0 89.8 10.2 
Lupus Ery- 
thematosus 

13 ~Chronie Diseoid 89.0 8.0 3.0 0 0 0 89.0 11.0 
Lupus Ery- 
thematosus 


14. Atopie Dermatitis 77.5 12.5 1.0 4.5 0.5 4.0 82.5 13.5 
15 Atopic Dermatitis 86.2 11.4 1.4 0.8 0 0 87.0 12.8 
16 <Atopie Dermatitis 56.4 42.0 0.8 0.8 0 0 57.2 42.8 
17. Atopie Dermatitis 80.2 16.0 29 1.6 0 0 81.8 18.2 
18 Atopic Dermatitis 77.8 19.0 0.6 2.6 0 0 80.4 19.6 
19 <Atopie Dermatitis 45.4 31.0 21.4 2.0 0 0 47.4 52.4 
20 =Atopie Dermatitis 83.6 3.4 0 12.0 0 1.0 83.6 3.4 
21 =Atopie Dermatitis 80.6 14.6 3.0 0.4 0.6 0.8 81.6 17.6 


Experiment C.—Differential cell counts were earried out in the blister 
fluids of primary irritant reactions produced on the normal-appearing skin 
of 6 patients with allergie eezematous contact-type dermatitis. In each of these 
patients reactions were produced simultaneously at one site with tineture of 
cantharides and at another site with PMTAA. The results are presented in 
Table IV. 

COMMENT 


Many factors must be considered in the study of the differential cell count 
in the blister fluid of allergie eezematous and primary irritant reactions. Among 
these are the nature of the allergen or primary irritant itself, the character and 
site of the skin on which the reaction is elicited, the duration of time the vesicle 
or bulla has been present when the fluid is aspirated, and in the ease of allergic 
reactions, perhaps even the phase of skin sensitivity existing in the particular 
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patient at the particular time and at the particular site where the blister fluid 
is produced. In confirmation of Nexmand’s findings, thirteen of seventeen 
smears from blister fluids of allergic eezematous dermatitis or eezematous pateh 
test reactions showed a preponderance of mononuclear cells (Table I). How- 
ever, the exception to the rule is well brought out by Case 8 (Table 1), in which 
blister fluid from three allergic patch test reactions to commonly used thera- 
peutic agents had a preponderance of mononuclear cells while the blister fluid 
from a fourth allergic patch test reaction had 91 per cent polymorphonuclear 
cells. A positive patch test to nickel sulfate showed a predominance of poly- 
morphonuclear cells in Case 12 (Table I), although a pateh test with para- 
phenylenediamine, done simultaneously, revealed a preponderance of mono- 
nuclear cells. This difference may be based on the tendency of certain metals 
to produce pustular patch test reactions in some subjects, as was pointed out 
by Sulzberger and Goodman® and as was the case in Nexmand’s Case 4 which 
was allergic to mereury bichloride.t| On the other hand it is worth stressing 
that in Case 4 (Table I), a reaction to compound tincture of benzoin also showed 
an almost identical preponderance of polymorphonuclear leukocytes in cell 
counts in the blister fluid from 2 patch test reactions elicited 11 days apart. 

Again in confirmation of Nexmand’s findings, blister fluids produced in 
twelve patients with skin conditions other than allergic eezematous dermatitis 
(Table IL), showed a preponderance of polymorphonuclear cells in ten of the 
twelve reactions due to PMTAA. However, such a preponderance of poly- 
morphonuclear cells was found only in six of the twelve cantharides reactions. 
Comparison of the cellular content of the reactions from these 2 primary irri- 
tants presents a general agreement in six of the twelve cases, five with a pre- 
ponderance of polymorphonuclear leukocytes and one of mononuclear ¢ells. In 
Case 12 (Table IT) the PMTAA blister contained preponderantly mononuclear 
cells and the cantharides blister preponderantly polymorphonuelear cells. The 
reactions in the remaining five cases exhibited a preponderance of mononuclear 
cells in the eantharides blister and of polymorphonuclear cells in the PMTAA 
blister. However, cantharides in general also produces preponderantly poly- 
morphonuclear blister fluids as was shown in 17 of 21 additional patients (Table 
III) with various noneezematous dermatoses. Moreover, both eantharides and 
PMTAA elicited preponderantly polymorphonuclear responses (Table IV) in 
unaffected skin sites of patients who were at the time of the test suffering from 
allergic eczematous contact-type dermatitis. 

In confirmation of Nexmand’s work our results demonstrate that mono- 
nuclear cells (lymphocytes and monocytes) predominate in blister fluid from 
allergic eezematous contact-type reactions; and that polymorphonuclear cells 
predominate in blister fluid from primary irritant reactions due to PMTAA. 

The yellowish cloudy appearance of the blister fluid produced by PMTAA 
and the accompanying marked inflammatory reaction fits in with the extremely 
high pereentage of polymorphonuclear leukocytes present. Cantharides pro- 
duces a bulla fluid which also tends to show a majority of polymorphonuclear 
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cells although perhaps not in quite as high a percentage and not as regularly 
as PMTAA. The blister fluid caused by eantharides is not as cloudy and 
vellowish and the blister itself is less often situated on a markedly erythematous 
base. It is noteworthy that eosinophils were frequently seen in the cantharides 
blisters but were present in very small numbers or completely absent in blister 
fluid produced by PMTAA. 

These differences in the cellular content of blisters simultaneously produced 
in the same patients by cantharides and PMTAA do not fit in with the theory 
that the cellular content of a deliberately raised blister merely reflects the 
cellular content of the underlying cutis. They indicate that different vesicant 
agents have different propensities to attract the various types of leukocytes or 
perhaps to cause the formation in loco of certain cells such as, for example, 
eosinophils. 

SUMMARY AND CONCLUSIONS 

In confirmation of Nexmand’s studies significant differences were found in 
the cellular content of blister fluids from allergic eezematous reactions and from 
primary irritant reactions: 


(1) Allergie eezematous contact-type reactions showed a preponderance of 
mononuclear cells in 13 of 17 counts. 

(2) Primary irritant reactions due to phenylmercuric triethanol ammonium 
acetate showed a preponderance of polymorphonuclear cells in 16 of 18 counts. 
The average in these 16 counts was 88 per cent polymorphonuclear cells. 

(3) Primary irritant reactions due to tincture of cantharides showed a 
preponderance of polymorphonuclear cells in 30 of 39 counts. The average in 
these 30 counts was 83 per cent. 


The differences in the cellular content appear to oceur with sufficient regu- 
larity to suggest that differential counts will be helpful in the differential 
diagnosis of allergic eezematous lesions and of primary irritant vesiculobullous 
lesions. However, there is a sufficient number of exceptions to this rule of 
mononuclear predominance in allergic eezematous lesions and polymorpho- 
nuclear predominance in primary irritant lesions to preclude reliance on the 
cell count as a pathognomonic finding of absolute value in differential diagnosis. 

The studies reported suggest that there are some differences in the cellular 
content of blister fluids produced by different primary irritant vesicant agents. 
In particular there was a significant difference in the eosinphil content of blister 
fluids produced by tincture of cantharides as compared with those produced by 
phenylmercurie triethanol ammonium acetate. 

We are indebted to Miss Florence Simm and Mr. Jesse Starkman for their technical 
assistance, and to Dr. Erik Jacobsen of Medicinaleo, Copenhagen, Denmark, for supplying 
us with phenylmercuric triethanol ammonium acetate. 
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CARDIOVASCULAR ALLERGY DUE TO PENICILLIN, SULFADIAZINE, 
AND BACTERIAL SENSITIZATION . 


RESULTS OF TREATMENT WITH CoRTISONE AND ACTH 


JOSEPH Harkavy, M.D.* 
New York, N. Y. 


HE important clinical effects of ACTH and cortisone in the treatment of 

certain common allergic diseases, sueh as asthma, urticaria, and various der- 
matoses have been reported by a number of investigators (Bordley,t Randolph 
and Collins,? Rose,* Carey,* Sulzberger,’ Feinberg,® Cooke,’ and others). Almost 
all of the workers are agreed that these substances are of considerable value in 
controlling certain phases of the afore-mentioned disorders, notably status 
asthmaticus, acute serum type reactions due to drug allergy, and various skin 
eruptions. Their effects may be spectacular in the reversible, though severe, 
allergic manifestations. This is especially true in those diseases of relatively 
short duration, as in cases with pulmonary eosinophilic infiltrations® or allergic 
arthritis, where conditions are subject to spontaneous remissions. Under such 
circumstances the course of the disease may be abruptly curtailed and the patient 
may recover completely even though the exciting agent is not always detected or 
removed. This has been observed by the writer in some cases of penicillin 
sensitization marked by acute serum sickness type of response. In the more 
chronie allergic conditions, such as protracted bronchial asthma, urticaria, and 
eczema, the clinical course may be controlled just as long as the hormonal ther- 
apy is maintained. If the basic causative agents continue to operate because 
they are obscure or cannot be eliminated, a return of the symptoms is inevitable. 
The same holds true, as will be shown, in eases of vascular allergy. In these 
patients, however, the eventual outcome will depend upon the number and 
character of the irreversible lesions. In individuals with protracted manifesta- 
tions of vascular allergy and general debility, ACTH or cortisone therapy may 
even prove to be harmful because of the tendency to intercurrent infections 
which may be masked by treatment. The following cases of vascular allergy 
illustrate these points. 

CASE REPORTS 

Case 1. §S. M., a 50-year-old woman, was admitted to Mount Sinai Hospital in December, 
1949, because of fever, weakness, and purpuric rash of one month’s duration. Her past 
history disclosed that she was subject to arthralgias in her youth and during a ten-year period 
prior to her admission she suffered with an allergic rhinitis, polypoid sinusitis, and cough. 
She was skin-tested and found to be sensitive to grasses, ragweed, house dust, coffee, and 
chicken. Because of the nasal obstruction, polypectomies had been performed, one eight years 
previously, and a second, two years previously. Two months before admission, October, 1949, 
she developed a cough, low grade fever, and recurrence of her polyps, causing a return of 
nasal obstruction. To eliminate the latter she was subjected to a third polypectomy. Prior 
to this operation she was injected prophylactically with penicillin and postoperatively was 
given more penicillin together with aureomycin. Two weeks later she developed a daily 
fever of between 101° and 102° F., cough, wheezing, tachyeardia, and purpurie spots on the 
knuckles of her hand. The penicillin was stopped temporarily and the purpura cleared. In 


*Consultant for Allergy, Mount Sinai Hospital. 
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view of the persistence of the fever and respiratory symptoms, her physician decided to give 
her another million units of penicillin as well as penicillin aerosol. This was followed by 
extensive hemorrhagic vessicular and purpuric rash over the upper and lower extremities. 
Additional treatment with Chloromycetin, potassium iodide, barbiturates and massive doses 
of antihistamines, aggravated rather than ameliorated these manifestations. A blood count 
showed 10,000 white blood cells and 35 per cent eosinophils. Blood cultures were negative. 
She had a positive trichinella precipitin test in a dilution of 1:1280. A muscle biopsy was 
reported as manifesting changes ‘‘compatible with collagenous disease.’’ 

In view of the severity of her symptoms she was transferred to the Mount Sinai Hospital, 
Dec. 17, 1949, for ACTH therapy. 

Examination on admission disclosed an acutely and chronically ill patient with a diffuse 
hemorrhagic vessicular rash involving the lower back and abdomen, wrists and forearms as 
well as the tongue, thighs, and buttocks. Some of the lesions were discrete, ranging from 
1 to 3 em. in size, some appeared as hemorrhagic blebs and others as hemorrhagic necrotic 
areas forming confluent serpigenous ulcers which revealed muscle and fascia in the depth of 
the wound. The temperature was 103° F. The lungs were negative. The heart did not 
appear enlarged but there was a tachycardia of 120. At the apex of the heart there was a 
protodiastolic gallop rhythm as well as a systolic blowing murmur which was also heard over 
the precordium. The abdominal and neurological examinations were negative. 

The significant laboratory findings were HGB 9.0; RBC 2,700,000; WBC 11,250 with 
a moderate shift to the left and 10 per cent eosinophils which subsequently rose to 28 per cent. 
ESR was 120 mm. in one hour (Westergren). The urine specific gravity was 1,023; albumi- 
nuria 2 plus; B.U.N. was 22 mg. per cent. The blood sugar, chlorides, and creatinine were 
within normal limits, as were the serum albumin, globulin, alkaline phosphatase, calcium, 
phosphorus, cholesterol and cholesterol esters, and prothrombin time. 

The electorcardiogram, Jan. 5, 1950, showed sinus tachycardia, low voltage of the QRS 
complexes with low T-waves in all leads. (Fig. 1.) Chest film disclosed irregular infiltrations 
throughout both lung fields and bilateral effusions. The electroencephalogram showed diffuse 
cerebral dysfunction. 

In view of the patient's pulmonary lesions she was again given penicillin to prevent 
infection. This was followed by pruritus and edema of the left eyelid, indicative of hyper- 
sensitiveness. The penicillin was immediately discontinued. Skin and muscle biopsy at this 
stage was reported as showing lesions compatible with a diagnosis of erythema multiforme. 
Despite this, a clinical diagnosis of diffuse hyperergic vascular disease was made. Cortisone 
therapy was started Dec. 23, 1949, with 150 mg. per day in divided doses for seven days. 
This was then reduced to 100 mg. per day for five days. During this twelve-day period the 
temperature slowly fell from 103° to 101° F. where it remained. The sedimentation rate, 
however, persisted at 115 mm. The gallop rhythm and tachycardia disappeared within eight 
days and the eosinophils after three days. While there was a slight general improvement 
there was no remarkable change in the general clinical picture, the hemorrhagic necrosis 
continued to spread although the superficial purpura had faded. She was accordingly started 
on ACTH, Jan. 7, 1950, after a preliminary trial of aureomycin combined with DOCA and 
ascorbie acid therapy, which proved to be of no avail. On a dosage of 140 mg. of ACTH per 
day, the temperature fell to normal within 24 hours and the purpurie rash disappeared. The 
pulmonary lesions and the bilateral pleural effusions cleared within six days. Although the 
ulcers on the leg began to heal, those on the skin and tongue showed no evidence of resolu- 
tion. The ACH was gradually reduced over a four-week period and finally discontinued 
February fifth because the patient became irritable, disoriented and had erying spells. The 
total dose given during the month was 2.50 Gm. On the twenty-third and twenty-fifth day 
of. treatment a casual specimen of urine showed 1-3 plus sugar but a fasting blood drawn 
the following day showed 95 mg. per cent of sugar. After discontinuance of ACTH most of 
the deep ulcers on the legs healed rapidly except one. Six days after ACTH was stopped 
the temperature began to rise reaching 101° F., the ESR rose to 122 mm. per hour, and the 
eosinophilia, tachyeardia and edema of the extremities reappeared. The pulmonary lesions, how- 
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ever, did not return. On March 2, 1950, ACTH therapy was resumed at the dose of 100 mg, 
per day and most of these abnormalities disappeared except the ESR which remained above 100 
mm. in one hour, The blood pressure rose to 150/90, She developed a mustache and a small 
goatlike beard. The dosage of ACTH was again gradually reduced to 50 mg. per day and 
then to 25 mg. per day on March 16, 1950. 


I ee ae UY 





Fig. 1.—(Case 1, S. M.) 1/5/50, low voltage of QRS complexes with low T-waves in all leads. 
3/2/50, the T-waves are of normal amplitude and the record is now normal. 


Following this the patient began to run a febrile course with temperatures rising to 
105-105° F. Examination disclosed an abscess of the buttocks which yielded staphylococeus 
aureus A. on culture. A blood culture was negative. Aureomycin and streptomycin were ad- 
ministered with but a slight fall in temperature despite a maintenance dose of 25 mg. of 
ACTH per day. On the 25th of March she vomited 400 ¢.c. of chocolate colored fluid and 
the following day she presented the picture of shock and jaundice. The liver was not palpable. 
A tentative diagnosis of serum hepatitis associated with diffuse vascular disease was made. 
The serum billirubin was 4.2 mg. Cephalin flocculation 3 plus. Thymol turbidity 2 plus. The 
urine showed a trace of bile but no urobilinogen. The patient lapsed into coma and died on 
the 97th hospital day. 

A summary of the autopsy findings as reported by Paul Klemperer showed (1) infected 
deep ulcerations of skin over sacrum, buttocks and thighs; (2) allergie granulomatosis of the 
aorta, generalized necrotizing arteritis and focal fibrosis, diffuse myocardial fibrosis; (3) 
partial atelectasis, edema and congestion of the lungs; (4) ulceration and erosion of the 
entire gastrointestinal tract, acute gastric ulcers with passive bleeding; (5) acute hepatic 
necrosis. A culture of the heart blood from ventricle showed no growth. (Figs. 2, 3, and 4.) 


CASE 2. J. V., a 48-year-old woman, was first seen in April, 1950, at the Barnert 


General Hospital in Paterson, N. J., in consultation with Dr. J. Selikoff. She gave a history 
of good health till January, 1947, when she developed coryza and cough which persisted 
through the spring. She went to the Allergy Clinic of the Roosevelt Hospital where she was 
found sensitive to trees, grasses, ragweed, and dust. Treatment consisted of antihistaminies, 
dust and vaccine injections. In February, 1950, she developed an upper respiratory infection 
followed by wheezing. She was told she had a pansinusitis and was advised to take penicillin. 
Accordingly her physician injected her with 500,000 units of penicillin daily on March 8, 9, 
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and 10. One week later she developed fever of 102° to 103° F., polyarthritis, generalized 
urticaria, and angioedema. The penicillin was discontinued and she felt better. Because of 
the persistence of the joint pains she consulted another physician who made a diagnosis of 
infectious arthritis and gave her more penicillin together with aureomycin. This caused an 
exacerbation of her previous symptoms and on March 20, 1950, she again developed fever, 
arthritis, extensive purpura and eeechymoses involving the skin of the trunk and extremities, 
uleerative purpura of the buccal mucosa, and gingivae and tongue, as well as buttocks. The 
arthritis was severe and affected the ankles and fingers of both hands, wrists and the temporo- 
mandibular joint. X-ray examination of the lungs disclosed diffuse infiltrations. Auscultation 
of the heart revealed only tachyeardia. The electoreardiogram showed inversion of T-waves 
in all leads. The Hgb was 10.4 Gm., RBC 3 million, platelets 240,000 and WBC between 6 to 
11,000 with 26 per cent of eosinophil cells. The sedimentation rate varied between 7 to 45 
mm. in one hour. Prothrombin time was 18 seconds, control, 18 seconds. Serum albumin and 
globulin were normal. The urine showed albumin and red blood cells. There was also blood 
in the stool. She was treated with aspirin, codeine, demerol, and sulfonamides. Each of 
these caused hypersensitivity reactions, manifested by distinct aggravation of all her symp- 
toms and gastric distress. Biopsy of one of the purpurie lesions disclosed changes compatible 
with ‘‘allergic granulomatosis.’ A diagnosis of vascular allergy due to penicillin hyper- 
sensitiveness was made, Cortisone therapy was advised, and started on April 7, 1950, ap- 
proximately three weeks after the onset of her symptoms. 

The initial dose of cortisone was 200 mg. per day in divided doses. This was gradually 
reduced to S0 mg. per day as her condition improved between April and July, 1950. The 
improvement was marked by a fall in temperature, disappearance of the pulmonary lesions, 
as well as of the purpura, subsidence of the polyarthritis, and healing of the ulcerating 
purpuric lesions in the mouth and buttocks. The albumin in the urine was also reduced. 
Except for a moonlike swelling of the face, the clinical course seemed satisfactory. In the 
midst of this apparent progress she developed an abscess in the buttocks associated with a rise 
in temperature to 100° F. This was incised and drained on June 14, 1950. Culture of the 
pus yielded staphylococcus aureus. In the presence of the infection the purpura and arthral- 
gias began to reappear and the cortisone dosage was increased from 50 to 80 mg. per day. 
Up to this point she had received 3 Gm. of cortisone. Because of delayed healing of the 
wound, cortisone was temporarily suspended. Following this the wound healed rapidly but 
the arthritis returned and the purpura became more marked as did the tachycardia with pulse 
ranging between 100 to 120. The heart sounds showed no abnormalities on auscultation. 
In view of this recession it was decided to transfer her to the Mount Sinai Hospital for 
ACTH therapy. 

On admission, August 19, 1950, besides the clinical manifestations above described, the 
significant laboratory findings were Hgb 9.1, RBC 3.3 million, WBC 8,100 with 7 per cent of 
eosinophils. Sedimentation rate was 37 mm. in one hour. The bleeding time was 3 minutes. 
Coagulation time 11144 minutes, clot retraction normal. The urine showed a specific gravity 
of 1012, There was albuminuria with granular and hyalin casts, and some red and white 
blood cells, The blood urea nitrogen was 35 mg. per cent. Urea clearance was 8 and 22 e.¢. 
Blood albumin, globulin, creatinine, cholesterol, and cholesterol esters were normal. X-ray 
examinations of the chest and sinuses showed no abnormality. The eletcrocardiogram showed 
right bundle branch block. 

One week after admission she developed cough, fever of 103° F. and signs of bronecho- 
pneumonia, X-ray disclosed a pneumonie infiltration at the base of the right lung. The 
white blood cell count rose to 14,950 with 26 per cent of eosinophils. The sputum culture 
showed a mixture of nonsignificant organisms. She was treated with terramyein and 75 mg. 
of ACTH per day. This was followed by an immediate fall in temperature. To avoid mask- 
ing the underlying infection, ACTH was eliminated and terramycin was continued until 
the pulmonary lesions and temperature subsided. The respite was short. The purpura, 
anemia, and fever up to 102° F. returned. Notwithstanding repeated transfusions there was no 
increase in hemoglobin. During the sixth hospital week she was again started on a daily 
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Fig. 3. 


Fig. 2.—(Case 1, S. M.) Granuloma in the adventitia of the aorta. Swelling and frag- 
mentation of the collagen with fibroblastic reaction. 


Fig. 3.— (Case 1, S. M.) Acute necrotizing arteritis associated with eosinophilic exudate. 
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dose of 100 mg. of ACTH which was stopped temporarily because of an attack of pulmonary 
edema. At this point the blood urea nitrogen rose from 47 to 80 mg. per cent. After con- 
trolling the pulmonary edema with diuretics, ACTH was resumed. Despite this she developed 
neuritis of the right hand and feet. It was felt that this was due both to the hyperergic 
yascular disease and poor nutritional state. Massive doses of vitamins combined with 
physical therapy and ACTH, brought about a gradual improvement in the neuritis. She re- 
ceived a total of 2955 mg. of ACTH in varying doses during 3% months. Any dose below 
40 mg. per day failed to control the fever or joint pains. During the third hospital month 
she developed an infected pilonidal cyst which required both chemotherapy and an increase 
in ACTH dosage. She insisted on going home and was discharged December 12, 1950, on 
100 mg. of oral cortisone daily. Her fundamental disease was unchanged as indicated by 
the abnormalities in the electrocardiogram and evidences of renal disease such as albumin 
and red blood cells in the urine and elevated blood urea nitrogen (80 mg. per cent). The 
electrolyte balance was maintained by salt-poor diet and occasional doses of diuretics. 





Fig. 4.—(Case 1, S. M.) Diffuse fibrosis of the myocardium. 


During the two weeks after returning home her condition deteriorated rapidly. While 
receiving cortisone therapy, she developed an acute peritonitis which was considered to be due 
to an intestinal perforation secondary to a mesenteric arteritis. She died three days after 
the appearance of these symptoms. No autopsy was obtained. 

During the nine months of her illness she received approximately-4 Gm. of cortisone and 
3 Gm. of ACTH. 

Biopsy report (April, 1950) by Dr. J. Churg of the Barnert General Hospital, of 
purpurie area of skin removed from back of elbow, was as follows: ‘‘There is distinct 
edema of the epidermis and marked diffuse perivascular infiltration with neutrophilic and 
eosinophilic leukocytes and some lymphocytes and histiocytes. The leukocytes show marked 
tendency to nuclear fragmentation with scattering of nuclear fragments. The inflammation 
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Fig. 6. 
—(Case 3, A. K Mosinophilic phlebitis. 
6.—(Case 3, ‘.) Periportal infiltration with 
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is most intense in the subpapillary layer, but in some places it extends to the deep line of 
resection. In the areas of the most intense inflammation the collagen appears altered, the 
fibers are poorly outlined, swollen and slightly basophilic. The vessels participate strongly 
in the process: the capillaries, particularly those of the subpapillary layer, are markedly 
engorged, Some capillaries, as well as some small venules and arteries, show acute inflam- 
mation and focal necrosis of the wall. However, none of the vessels show changes charae- 
teristic of periarteritis nodosa. There are many small areas of blood extravasation in the 
subpapillary layers and the papillae.’ 

A second biopsy of the skin and muscles on October 19, 1950, disclosed marked arteritis 
and muscle atrophy. These changes were considered compatible with a diagnosis of allergic 
granulomatosis. 


9 


Case 3. A. K., a 45-year-old man with a history of hay fever for twenty years and 
intermittent attacks of asthma, was first seen in January, 1949. He stated that on Dee. 18, 
1945, he suffered a severe respiratory infection for which he received sulfadiazine. Several 
days later he developed pruritus, progressive malaise, nausea, and weakness followed by 
gradual enlargement of the abdomen. The latter became quite pronounced in 1947, causing 
him to see a number of physicians, including a hematologist, Dr. N. Rosenthal, who ,found 
an enlarged liver and spleen, a white blood count of 30,000 with 60 per cent eosinophils and 
Hgb 10 Gm. His condition remained unchanged until 1949 when he caught cold and de- 
veloped a stuffy nose and asthma. Because the symptoms grew steadily worse he consulted 
the writer in January, 1949. Examination disclosed infected sinuses, and infiltrations at the 
bases of both lungs associated with wheezing respiration. The heart sounds were. of. poor 
quality, but there was no evidence of valvular disease. The pulse was 80 and. the blood 
pressure 130/70, The spleen extended three finger breadths below the costal margin and 
the liver two finger breadths. X-ray examination of the lungs revealed a pneumonic infiltration 
at the left lung base and enlargement of the heart to the left. An electorcardiogram disclosed 
sinus rhythm, rate 90, depression of RST, and 4, T,, diphasic, T, inverted. The sinus washings 
disclosed a ‘‘Taylor’’ pneumocoecus on culture. Skin tests showed positive reactions to 
foods and pollens. A number of blood counts indicated an average of 30,000 white blood 
cells and 50 to 60 per cent eosinophil cells. He was treated with intramuscular injections of 
penicillin and the infection in the lungs and sinuses improved. Penicillin aerosol however, 
produced asthmatie attacks and was therefore discontinued. In view of the clinical and 
electrocardiographie evidence of myocardial damage associated with eosinophilia, the diagnosis 
of hyperergiec vascular disease with eosinophilic myocarditis was made. 

From February to October, 1949, the patient’s condition gradually deteriorated. He 
experienced precordial pains and episodes of tachyeardia. The electrocardiogram continued 
to be abnormal, still showing RST repressions, T-wave inversions in the standard lead, RS-T 
elevations in a VR, T-wave inverted in a VF. The uinpolar leads from V, to V, showed very 
distinet RS-T depressions. The spleen and liver became gradually augmented in size and 
scattered purpuric spots appeared over the abdomen. On October 29, 1949, he experienced 
acute severe pains in the upper left quadrant, with precipitous enlargement of the spleen to 
the pelvic brim, On palpitation the abdomen was rigid and the splenic area exquisitely tender. 
There was no ascites. The temperature was 99° F, and the pulse 100. The white blood cell 
count was 18,300 with 380 per cent eosinophils. The platelets were 80,000 per cubic mm. A 
diagnosis of acute splenic infarction with perisplenitis was made. He was admitted to 
Mount Sinai Hospital where a splenectomy was performed to preclude a possible rupture of 
the infareted organ. 

Pathological examination of the excised spleen and biopsies of the liver and a lymph 
node showed the following: (1) Splenomegaly (weight 1,100 Gm.) with stenosing endo- 
phlebitis and foeal obliterating arteritis as well as periarteriolar sclerofibrosis; diffuse eosino- 
philic infiltration of the splenic pulp with occasional myelocytes and megakarocytes; increase 
of fibrillar reticulum together with multiple anemic infarets; (2) the liver showed periportal 
eosinophilic infiltration; (3) an exeised lymph node revealed eosinophilic lymphadenitis 


with focal fibrosis (Figs. 5 and 6). 
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Following splenectomy the blood platelets rose to 170,000. The white blood cell count 
was 29,000 with 60 per cent eosinophils. This subsequently rose to 44,000 with 75 per cent 
eosinophils. The patient developed a subphrenie abscess which was incised and drained. 
Although he made a good recovery his general condition continued to grow worse.  Con- 
gestive heart failure developed with bilateral effusion in the chest. The venous pressure 
rose to 210 mm. of water. The liver increased in size to four finger breadths below the costal 
margin. The urine showed albumin with hyalin and granular casts. The blood urea rose to 
94 mg. per cent, uric acid 4.8, sodium 150 meq., potassium 6.6 meq. He was given mercurial 
diuretics, a low-salt diet, ammonium chloride and a transfusion of packed red cells. He 
was also started on 40 mg. of ACTH per day. On this regimen he at first felt generally 

‘ better. The total white count fell and the eosinophils dropped to 6 per cent. However, 
cardiac failure persisted, as shown by a venous pressure of 210 mm, of water, with a rise 
to 240 mm. on upper quadrant compression. ACTH was finally discontinued because the 
eardiac condition grew worse. The white blood cell count returned to its former levels 
although the absolute eosinophil counts were lower. He was discharged from the hospital 
Sept. 9, 1950, only to be readmitted on Sept. 30, 1950, because of marked edema of the legs 
and ascites, severe precordial pains and blurring of vision. He also developed a Babinski and 
Chaddock on the right leg. Soon after his admission he became stuporous. There was 
rigidity of the neck, the eyes were widely open but unseeing and there appeared purposeless 
movement of the extremities, spasticity of the legs and arms, with clonus of the right ankle. 
The spinal fluid was clear, the pressure was 220 mm. initially and ultimately 160 mm. Pandy 
reaction was one plus, WBC 23 cells per cubic millimeter, sugar 68 mg. per cent, chlorides 
742 mg. per cent, protein 60 mg. The eye grounds showed no papilledema. The patient 
developed a right hemiparesis with paralysis of the right arm. The neurologist’s opinion 
was that the patient suffered from diffuse cerebral vascular disease more marked on the 
right than on the left. 

He developed Cheyne-Stokes breathing and his temperature rose to 104° F. The 
white blood cell count increased precipitously to 149,000. The radial pulses became faint, 
the blood pressure fell to 40/0, and the patient died on Oct. 3, 1950. Post-mortem examination 
was refused. A diagnosis of diffuse hyperergic vascular disease with eosinophilic myocarditis, 
probably due to sulfonamide sensitivity or bacterial allergy was entertained. 


Case 4. R. S., a 17-year-old girl, was admitted to the Brooklyn Thoracic Hospital in 
December, 1948, with the following history. For the past four years she had suffered with 
vasomotor rhinitis and dry winter cough. Two months prior to admission these symptoms 
became associated with general fatigue, low grade fever, and night sweats. In view of 
these manifestations she was suspected of having tuberculosis. 

On examination of the lungs, only a few scattered rales at the bases were audible on 
auscultation. The heart was normal except for a tachycardia (Fig. 7). X-ray examination 
of the chest, however, showed distinct infiltrations throughout both lungs suggestive of the 
Loeffler type. This was further substantiated by the migratory and variable nature of the 
lesions during the succeeding months. They fluctuated from interstitial infiltrations to massive 
involvement of one lobe or another. At one time atelectasis of one lobe with a shift of the 
heart to the side of the collapsed lung was noted. The electrocardiogram showed sinus 
tachycardia with a rate of 110 to 140. Nasal smears disclosed eosinophilia. The sinus 
washings yielded hemolytic streptococci, pneumococcus type 12 and Staphylococcus albus. The 
sputum culture showed a mixture of hemolytic streptococci, pneumococci, and Staphylococcus 
aureus. She was found clinically sensitive to banana, tomato, crab, pineapple, cheese, and 
spinach although she showed reactions to dust, hormodendrum, alternaria, ete. The white 
blood count varied between 12,000 to 29,000 with 20 to 29 per cent of eosinophils. Hgb was 
68 to 70 per cent. A biopsy of the deltoid muscle showed no evidence of hyperergic vascular 
disease. The diagnosis considered was eosinophilic pulmonary infiltrations. 

Treatment consisted of penicillin injections (to which she was found sensitive), aureo- 
mycin, dihydrostreptomycin, various antihistaminics, and salicylates without any beneficial 
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effect. On her return home in May, 1949, she was also given mapharsen in the belief that 
the condition was one of tropical pulmonary eosinophiliosis. This caused a rise in temperature 
to 105° F. and diarrhea, without influencing the course of the disease. 

She was admitted to the Mount Sinai Hospital in July, 1949, for further observation. 
An investigation for a possible focus of infection resulted in the finding of a moderate in- 
fection in the antra, and of two lower molar teeth. Sinus washing and removal of the 
infected teeth was followed by treatment with a combination of Chloromycetin and aureomycin. 
This resulted in the development of purpuric spots under the nail beds and was therefore 
discontinued. The tachycardia and the pulmonary infiltrations persisted, 

During a period of temporary remission of the lesions in the lungs, she returned home. 
Here her condition grew progressively worse. She developed anemia, necessitating trans- 
fusions, as well as fever of about 101° F. The tachycardia became more severe and led to 
cardiac insufficiency. The heart became enlarged to the left and she developed congestive 
failure despite intensive digitalis therapy and salt-free diet. She lost weight and looked 
emaciated. At this stage cortisone became available and she was again transferred to the 
Mount Sinai Hospital on Oct. 18, 1949, for treatment with this hormone. 


Lead 1 jLead 2 


Lead 3): 
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Fig. 7.—(Case 4, R. S.) Before treatment with cortisone, May, 1949. The ECG reveals 
normal sinus rhythm. There is a tendency toward a right axis deviation. Small Qz: and Qs; 
present Ts inverted. Tachycardia 125. 


During her hospital stay the clinical course was marked by the presence of cachexia, 
peripheral neuritis of the left leg, anemia, tachyeardia with a suggestion of a diastolic 
gallop, fever between 101° to 104° F. and subcutaneous nodules on the forehead one centimeter 
in diameter. The important laboratory findings were Hgb of 10 Gm. and 12,000 WBC with 
19 per cent of eosinophils. The urine showed a specific gravity of 1029 and 2 plus albumin. 
The ESR was 72 mm. The blood cultures, urea, uric acid, albumin, and globulin, total protein 
showed no abnormalities. An electrocardiogram revealed right bundle branch block (Wilson 
type). QRS measured .12 second and Rt axis deviation (Fig. 8). X-ray examinations of 
the lungs showed recurrent migratory infiltrations. Biopsy of the skin revealed nonspecific 
inflammatory changes. 

She received 150 mg. of cortisone per day for 8 days, 50 mg. for 6 days, and 25 mg. for 
8 days. Under this therapy the white blood cell count dropped to 5,000 and the eosinophils 
to 7 per cent. The x-ray of the lungs showed complete disappearance of the pulmonary 
lesions. The urine became free of albumin and the blood count normal. The patient gained 
weight and felt well. The cortisone was discontinued and she went home Dee. 27, 1949. 





——— 
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About the middle of January, 1950, she suffered a relapse, necessitating a renewal of 
cortisone therapy. This was administered to her by Dr. Emanuel Schwartz. She was started 
on 200 mg. per day, which was gradually reduced to 50 mg. Just as before, the pulmonary 
lesions and other symptoms subsided within a week. The cortisone however, was continued, 
On the thirty-sixth day of treatment after an injection of 50 mg. of cortisone she went into 
an anaphylactic-like shock marked by wheezing respiration and heart rate of 160. This lasted 
only a few minutes, and the patient was well within 48 hours. To determine the cause of her 
abnormal response Dr. Schwartz tested her with cortisone and its vehicle. He found her 
sensitive to the latter, and concluded that the vehicle was responsible for the shock reaction, 
Of five control patients tested with the aqueous vehicle three were negative, and one eave a 
slight reaction. 

Following this episode she recovered completely and has remained relatively well with 
the exception of mild recurrences of sneezing and cough with asthmatic attacks from time 
to time. The asthmatic episodes were readily controlled with oral cortisone. Although at 
the last’ examination in October, 1950, she had no major complaints, the electorcardiogram 
still showed the presence of a bundle branch block of the Wilson type, indicative of irreversi- 
ble myocardial damage (Fig. 9). 

The diagnosis was cardiovascular allergy, involving lungs, heart and probably some 
peripheral vessels, etiology unknown, but possibly infectious in nature. 
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_. Fig. 8.—(Case 4, R. S.) During treatment with cortisone. QRS _ slurred, notched and 
widened and measures 0.12 sec. Rt. Axis deviation. RS-T in leads 2, 3, and 4 depressed, T: 
and Ts; inverted. 


DISCUSSION 


An analysis of the preceding four cases disclosed the following significant 
features in the pathogenesis of the vascular disease. All of these patients were 
allergic individuals with a history of vasomotor rhinitis, sinusitis, and asthma. 
Because of the intercurrent respiratory infections they received antibiotic 
therapy consisting of injections of penicillin in varying amounts as well as sulfa- 
diazine (Case 3). Sometime in the clinical course each of the patients exhibited 
symptoms of hypersensitiveness to these substances in the nature of a severe 
serum sickness type of reaction with implication of the connective-vascular tis- 
sues in the lungs, heart, kidneys, joints, and skin. In the first two cases peni- 
cillin was regarded as probably responsible for the hyperergie vascular disease. 
This assumption was based on the observations that (1) the clinical manifesta- 
tions appeared after an incubation of one or two weeks following treatment 
with penicillin, (2) temporary withdrawal of this antibiotic resulted in a 
recession of the presenting symptoms and (3) its readministration led to an 
accelerated reaction with prompt exacerbation of all the previous symptoms. 
Among the earliest signs exhibited by these patients were polyarthritis, pul- 
monary infiltrations, eosinophilia, and purpura. Although the latter was previ- 
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ously described as a result of penicillin sensitivity,® **** 7° none of the 
recorded cases manifested such extensive necrotizing purpurie lesions with con- 
current involvement of the cardiovascular system as noted in these two eases. 
Most of the reports of penicillin allergy deal with the development of skin re- 
actions, such as urticaria, angioedema, exfoliative dermatitis, arthralgia, oc- 
easional pulmonary infiltration, and/or asthma. Recently a case of angio- 
neurotic edema with transient electrocardiographie aberrations which returned 
to normal within a week, was reported by Felder and Felder.* They ascribed 
the reversible electrocardiographie changes to edema of the myocardium or 
anoxemia due to diminished coronary flow. 

In contrast to these reversible reactions following penicillin sensitization, 
the biopsy sections of the first two cases under discussion disclosed irreversible 
inflammatory alterations of the collagen tissue, capillaries, and venules, as well 
as necrotizing arteritis. None of the vessels, however, showed any of the charac- 
teristic changes of periarteritis nodosa. These observations were further cor- 
roborated by the autopsy findings in Case 1, as described above in detail, 
revealed extensive ‘lesions in the blood vessels characterized by necrotizing 
arteritis with eosinophils, granulomatous formations in the aorta, focal myo- 
cardial fibrosis, as well as allergic reactions in the liver and gastrointestinal 
tract. 

Dr. Paul Klemperer, who reviewed the histological sections of Case 1, 
expressed the opinion that ‘‘in order to define the morbid process underlying 
the pathologic-anatomie findings in this case the latter must be taken in their 
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Fig. 9.—(Case 4, R. S.) 10/13/50, 1 year after treatment. The ECG reveals RBBB 
of the Wilson type with QRS measuring 0.11 sec. There was no change in the ECG during 
the course of treatment or follow-up period. Rate 125. 
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totality.”’ Thus the necrotizing arterial lesions were only one of the pathologica| 
manifestations of this morbid process, and he therefore felt that it would be 
incorrect to label this case simply as periarteritis nodosa. Arterial lesions did 
not account for the second important finding, i.e., the widely distributed fog; 
of myocardial scarring which were not associated with any conspicuous involve. 
ment of the arteries. There was, however, evidence of inflammation which could 
very well explain the ‘‘myocardial destruction.’’ The third component in this 
pathologic syndrome was the granuloma of the aorta which was considered by 
Klemperer to be identical with the granulomatous lesions described by Churg 
and Strauss under the title of Allergic Granulomatosis, Allergic Angiitis, and 
Periarteritis Nodosa.!° These investigators regard the periarteritis nodosa-like 
lesions seen in asthmatics associated with granulomatous alterations within the 
vessel walls and in connective tissue, as an entity apart from classical periarter- 
itis nodosa. They reached this conelusion from a study of 15 eases of periarter- 
itis nodosa without asthma, none of which revealed extravascular granulomata 
or granulomatous vascular changes. In other words, Churg and Strauss, in 
agreement with Zeek, Smith, and Weeter,’® believe that necrotizing arteritis 
and/or periarteritis nodosa with granulomatous reactions in connective tissue 
occurring in patients who give a history of allergy, are the result of hypersensi- 
tivity, whereas true periarteritis nodosa is not dependent upon an allergic 
mechanism. It is not the purpose of this report to enter into any discussion of 
this point of view. It is considered sufficient to note that, although a positive 
history of allergy in any given case adds support to the concept that an allergic 
factor is involved in the pathogenesis of the presenting vascular disease, a 
negative history does not necessarily eliminate such a possibility nor does the 
absence of extravascular granulomatous changes exelude the existence of hyper- 
sensitiveness. 

A fourth element in the disease complex in Case 1 in addition to the lesions 
in the heart and blood vessels, was the necrosis of the liver ‘‘distinguished histo- 
logically by destruction of the reticulum fibres.’’ Despite the possibility of the 
existence of a virus infection or shock as a cause, hepatic necrosis may also be a 
manifestation of hypersensitiveness. In favor of this assumption is the fact that 
parenchymatous lesions with central lobular necrosis of the liver have been 
reported in experimental serum sensitization. Clinically, hepatie necrosis has 
also been observed by Kaege’’ of Roessles’ Institute in a case of serum sickness 
following tetanus antitoxin injection, as well as a result of sensitization to drugs, 
such as einchophen, mapharsen, and sulfonamides. In some of the cases of 
sulfonamide sensitization described by Moore, MeMillan, and Duff*® necrosis of 
the liver was so marked that it closely simulated the gross and microscopic¢ 
appearance of acute yellow atrophy. Granulomatous lesions in the parenchyma 
associated with complete disappearance of liver cells and partial destruction of 
the deticulum were also observed in some of their patients. Since penicillin may 
induce reactions similar to those caused by the sulfonamides or other drugs, 
as evident in the cases under discussion, it is conceivable that it may also be 
responsible for similar reactions in the liver. That transitory involvement of 
the liver may follow penicillin sensitization is indicated in the case reported by 
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Felder and Felder.’* Although there was no evidence of jaundice in his patient 
damage to the liver was shown by a four plus cephalin floeculation reaction, 
thymol turbidity, 6.3 units; alkaline phosphatase, 13.2 Bodansky units; total 
protein, 4.63 Gm., cholesterol 249 mg., and cholesterol esters 103 mg. As the 
patient improved, within two weeks the cephalin flocculation reaction became 
negative, the thymol turbidity 3 units; alkaline phosphatase 2 Bodansky units; 
cholesterol 305 mg. cholesterol esters 249 mg. per cent and total protein 6.8 Gm. 

A fifth significant finding in Case 1 was the presence of ulceration and 
erosions throughout the entire gastrointestinal tract and gastrie uleers with 
passive lesion bleeding. In all probability the lesions in the gastrointestinal 
tract just as those in the skin were due to vascular disease following penicillin 
sensitivity. Similar findings were recently reported by Berne’® in a patient 
with presumptive penicillin sensitivity who had also received sulfadiazine. In 
this case the duodenum, small intestine, and cecum disclosed superficial uleera- 
tions of the mucosa with diffuse hemorrhagic necrosis. Microscopically, the 
arteries and veins in the submucosa showed acute necrotizing angiitis with 
thrombosis and surrounding areas of infiltrations with polymorphoneuclear 
leukocytes and lymphocytes. The vascular changes were most conspicuous in 
the ileum. 

Whether the bleeding from the gastric ulcers in this case is to be attributed 
solely to penicillin sensitivity or in part to ACTH therapy is still a question. 
Perforation and hemorrhage of peptic ulcers have been previously deseribed by 
Habif,?? Beek,21 and Smyth?? during ACTH therapy but the activation of 
multiple ulcers has never been reported as far as the author is aware. 

The sixth important feature in this case was the absence of any lesions in 
the lungs at autopsy in contrast to the positive roentgenologie findings during 
life, attesting to the reversibility of the pulmonary reaction. 

After evaluating these various pathological manifestations Klemperer con- 
cluded that they were ‘‘anatomic expressions of an allergie diathesis.’” Thus 
the underlying morbid process was obviously attributable to sensitization. 

Whereas the vascular reactions in Cases 1 and 2 were presumably related 
to penicillin sensitivity as such, it should be noted that the clinical manifesta- 
tions resulting therefrom, especially the purpura, could be accentuated by the 
administration of other apparently unrelated antibiotics such as aureomycin 
and Chloromyeetin, as well as various drugs such as aspirin, codeine, demerol, 
and sulfonamides. 

Two possible etiologic factors were considered to be responsible for the 
allergic cardiovascular manifestations in Case 3: they were sulfadiazine and/or 
bacterial sensitization. In favor of the former was the fact that several days 
after ingestion of the sulfadiazine the patient developed urticaria with general- 
ized itching and weakness which was still present three years later (1949) when 
seen by the writer. This history and the finding of advanced eletrocardiographic 
changes, hepatosplenomegaly, and marked eosinophilia in an atopic individual 
suggested the diagnosis of cardiovascular allergy with eosinophilic myocarditis 
resulting from sulfadiazine sensitivity. The decided increase in the size and 
the hard consistency of the liver and spleen stimulated the thought that the 
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disease process in these organs was of long duration. In fact, this condition was 
found in 1947, when the patient was seen by the hematologist who first noted the 
marked eosinophilia. Skin tests with sulfadiazine were not made because of their 
questionable value. The diagnosis of sulfonamide sensitization therefore had to 
be made by inference based on the history of exposure to these drugs and the 
pathological changes following therefrom, as reported in the literature. That 
sulfonamide sensitization may induce hyperergie vascular disease with involve. 
ment of the liver and spleen as well as eosinophilic myocarditis has been de- 
seribed by French,?* Moore, McMillan, and Duff,’* Rich,?* Black-Schaffer, 
Lichtenstein and Fox,” Lederer and Rosenblatt,?’ and others. 

Most of these recorded cases came to autopsy 6 to 7 weeks after the sulfonam- 
ide therapy and had been in a more or less acute phase of the disease. The 
spleen in these patients showed polyvasculitis, i.e., necrotizing arteritis and 
trabeculitis. The liver showed various degrees of cellular eosinophilie infiltra- 
tions. One of the eases of eosinophilic myocarditis associated with generalized 
vascular allergy, reported by the writer®* in 1943, although regarded as one due 
to bacterial hypersensitiveness, had also received sulfathiazole 144 years prior 
to death. In addition to these reports, periarteritis nodosa (proved by biopsy 
in one case), and necrotizing vascular lesions involving the spleen and other 
organs following sulfadiazine sensitivity have recently been described by Good- 
man,?* and Duria and Brodziak.*° 

The second possibility, that bacterial allergy may also have been responsible 
for the cardiovascular syndrome in this case was likewise explored. The pres- 
ence, in January, 1949, of an infected antrum, which yielded an unidentified 
phneumococeus (‘* Taylor’? pneumococeus), could not be regarded as a primary 
causative factor in a disease which had been in progress for several years, unless 
it could be proved that the sinus infection had existed prior to, or throughout 
this period. Inasmuch as this could not be done, it was argued that the antral 
infection caused by the pneumococeus or by an unidentified microorganism in a 
person susceptible to respiratory allergy, might have acted as an additional 
excitant and thus influenced the course of an established hyperergie vascular 
process initiated by sulfadiazine sensitization. This, it was felt, could also 
explain the duration of the disease, since the intensification of allergic syndromes 
as a result of the synergistic action of several allergens is not uncommon.  De- 
spite the fact that both the sinus infection and the pneumonia were controlled 
by penicillin therapy, the vascular disease progressed. This was indicated by 
a general decline in the condition of the patient and the sudden infarction of 
the spleen which was subsequently removed. The presence of a focal obliterating 
endarteritis with periarterial. sclerofibrosis, stenosing eosinophilic phlebitis and 
diffuse eosinophlic infiltration of the splenic pulp in the excised organ, sub- 
stantiated the diagnosis of hyperergic vascular disease. It also served to explain 
the enormous enlargement of the spleen as well as the infarctions. The eosino- 
philic infiltrations in the liver accounted for its increased size, apart from the 
superimposed passive congestion due to myocardial insufficiency. 

The literature discloses no record of such a large spleen with so many in- 
fareted areas with the possible exception of a case reported by Magnus*! in 
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1937. His patient, aged 21, had asthma, three years in duration, and severe 
diarrhea prior to his death. There was no record as to the type of asthma nor 
the medication used in this case. Autopsy disclosed necrotizing arteritis which 
had produced widespread necrosis of the pancreas, kidneys, spleen, and the 
alimentary tract. It was thought that the vascular lesions were due to some 
‘‘toxie’’ factor. The blood vessel changes resembled periarteritis nodosa but 
the absence of periarterial leukocytie infiltration and aneurysm formation was 
against such a diagnosis. The author also commented on the fact that in poly- 
arteritis nodosa acute extensive necrosis of the spleen is uncommon. 

In our case there was also no evidence of lesions typical of periarteritis 
nodosa. There was no doubt that the vascular changes were allergic in nature. 
Following splenectomy the irreversible vascular disease remained unchanged 
notwithstanding treatment with ACTH. Because of the salt-retaining effects of 
this hormone, the electrolyte balance could not be maintained in spite of the 
salt-free diet, diuretics, and potassium chloride, and the patient died both from 
eardiae failure and cerebral vascular disease. 

The underlying cause for the recurrent pulmonary eosinophiliosis which 
had persisted for a vear and a half in the fourth case of this group was obseure. 
Although hypersensitiveness to some infection was suspected, this was never 
fully established. The hyperergie vascular disease in this patient was essen- 
tially limited to the lungs and heart. The pulmonary lesions were reversible, as 
evident by the fact that prior to cortisone therapy they would disappear 
spontaneously from time to time only to return. The cardiac involvement, how- 
ever, was progressive. This was indicated by the presence of a right bundle 
braneh block and an attack of failure before the administration of cortisone. 
Cortisone proved to be temporarily effective in reducing the temperature, the 
eosinophil count and the sedimentation rate. It also caused the complete dis- 
appearance of the reversible infiltration in the lungs even though it was adminis- 
tered 114 years after the development of the pulmonary disease. The pro- 
teinuria and the mild peripheral neuritis likewise subsided. The remission 
brought about by cortisone lasted about four weeks, necessitating a subsequent 
resumption of the treatment. Within a week after the institution of the second 
course of cortisone the pulmonary lesions and associated manifestations were 
completely controlled. It is worthy of note that on the thirty-sixth day of con- 
valescence while the patient was still receiving 50 mg. of cortisone per day and 
was free of symptoms, she suddenly developed a transient anaphylactic-like 
shock. Dr. Emanuel Schwartz, who administered the second course of corti- 
sone, attributed this to sensitization of the vehicle. Since the shock reaction 
until this day the patient has not had any recurrence of the pulmonary infiltra- 
tions. Exeept for brief asthmatie seizures which have been readily controlled 
by cortisone she has been relatively well. 

In contrast to the favorable results attained in this patient, cortisone as well 
as ACTH failed to influence the progress of the hyperergic vascular disease in 
the major shock organs in the other three cases. In Cases 1 and 2 the fever, 
purpura, the eeechymotie necrotic lesions, and the joint pains were relieved as 
long as the hormones were being administered, only to recur in less severe 
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form whenever the cortisone or ACTH was discontinued. While the inter. 
current eosinophilic pulmonary lesions disappeared completely under the hor. 
monal therapy, just as in Case 4, the basic disease affecting the myocardium and 
the kidneys continued to advance in spite of the early administration of these 
hormones, i.e., about a month after the onset of symptoms. Protraction of the 
illness may have been partly due to the intensification of the sensitizing process 
by the repeated administration of penicillin, unfortunately carried on for lack 
of appreciation of the probability that this antibiotic was responsible for the 
clinical manifestations. Other antibiotics such as aureomycin and Chloromyeetin 
used in the treatment, may have exerted a synergistic sensitizing effect and 
aggravated the disease. This was clearly illustrated in Case 4. In order to 
control the foeal infection in the sinuses and teeth considered as etiologic factors, 
this patient was given Chloromycetin combined with aureomyein since she was 
known to be senstive to penicillin. Four hours later she developed purpura 
under the nail beds which disappeared after discontinuance of these antibioties. 

The untoward development of a staphylococcus infection in the buttocks in 
Cases 1 and 2, as well as the sudden appearance of a pulmonary and pilonidal 
cyst infection in Case 2, in the course of the cortisone and ACTH therapy, 
further militated against the effectiveness of these hormonal drugs. This was 
evidenced by an exacerbation of the previously controlled symptoms, i.e., fever, 
purpura, arthralgias, ete., requiring an increase in the dosage of cortisone and 
ACTH, respectively, in order to suppress them. Treatment with antibiotics of 
the intercurrent infections in view of the established allergy to those agents was 
obviously out of the question. In both instances the abscesses were incised and 
drained, and the wounds treated conservatively. It seems more than a coinci- 
dence that both of these patients developed buttock abscesses while under the 
hormonal therapy. The possibility of intercurrent infections masked by 
ACTH or cortisone therapy has been referred to in the literature. The fact 
that experimentally small laboratory animals even though receiving large doses 
of ACTH became worse and died exactly as the untreated controls, has been 
recently reported by Finland, Kass and Ingbar*? at the second clinical ACTH 
conference. In a discussion of this subject Finland raised the question whether 
it is possible that where there is already necrosis of tissue, ACTH or cortisone 
may actually aggravate the underlying infection whether or not antibiotic 
drugs are used. Working along similar lines Shwartzman has recently shown 
that ACTH and cortisone in combination, or cortisone alone, produce a marked 
acceleration of experimentally induced poliomyelitis infection (strain MEFT) 
in mice, and an extraordinary enhancement of susceptibility to this infection 
in hamsters, giving rise to a violent and uniformly fatal disease. ACTH alone 
failed to produce this effect, possibly due, according to Shwartzman,** ‘‘to elabo- 
ration of an unknown factor capable of reversing the enhancing effect of 
cortisone. ’’ 

SUMMARY 

Four atopic individuals with hyperergic vascular disease characterized by 
extensive purpura, pulmonary infiltrations with eosinophilic myocarditis, hepato- 
splenomegaly and renal involvement are reported. 
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Penicillin hypersensitiveness appeared to have been responsible for the 


clinical syndrome in the first two patients. Allergy to sulfadiazine and bacterial 
infection was regarded as the probable exciting factors in the vascular disease 
in Case 3, and bacterial infection was suspected in Case 4. Concurrent sensi- 
tivity to other antibiotics and drugs may have acted synergistically to accentu- 
ate the morbid process in all four eases. 


Treatment with cortisone and ACTH was effective in controlling the re- 


yersible phases of the disease, such as eosinophilic pulmonary infiltrations, 
purpura, joint pains, fever, ete. It failed to halt the irreversible lesions in the 
heart and kidneys. 


The writer wishes to express his appreciation to Dr. Paul Klemperer for the interpre- 


tation of the pathological material and to Dr. Louis Soffer and Mortimer Bader for their 
co-operation in the study of the effects of ACTH and cortisone while the patients were in 
the wards of the Mount Sinai Hospital. 
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IMMUNOPHYSIOLOGY OF IMMUNE REACTIONS 
ALTERATION IN THE THIOCYANATE SPACE IN QUANTITATIVE PASSIVE TRANSFER 
[EXPERIMENTS IN RABBITS 
JeRRY K. ArkAwa, M.D.,* AND ELotse L. RHOADES, B.S. 
WINSTON-SALEM, N. C. 


REVIOUS studies have suggested that certain generalized physiologie dis- 
acces are related to the host’s response to the parenteral introduction 
of an antigenic substance.’ In rabbits injected with human plasma and followed 
serially with determinations of the blood volume and extravascular fluid space, 
significant changes were noted at the time humoral antibodies appeared in the 
blood. The increase in thiocyanate space and decrease in blood volume, which 
were interpreted as being due to alterations in the permeability of capillary and 
cell membranes, appeared to be causally related to in vivo antigen-antibody 
reactions. 

In order further to establish such a relationship, the passive transfer 
method, an example of the anaphylactic type of antigen-antibody reaction, has 
been employed. The human plasma used in the previous experiments was a 
mixture of many fractions, each of which could have induced a slightly different 
antibody response at different time intervals.2 In the present experiment, a 
refined but not pure antigen, gamma globulin, was used. 


MATERIAL 


Animals.—Fourteen domestie albino rabbits weighing 2.1 to 4.4 kilograms 
were used in these experiments. The animals were kept in individual eages 
and were fed a stock diet. Water was given without restriction. 

Concentrated Human Gamma Globulin, which contained 19.7 mg. of nitrogen 
per milliliter, was used without dilution as the immunizing specific antigen for 
the preparation of the immune serum. 

Fraction II] of Lyophilized Bovine Plasma, which is predominantly gamma 
globulin, was employed as a species-specific control antigen. The desired weight 
of this material was dissolved in 5 ml. of physiologic saline solution immediately 
prior to use. 

Normal Rabbit Serum, obtained by bleeding rabbits from the marginal ear 
vein, was stored at 0° C. until used. No preservative was added. 

Antihuman Gamma Globulin Rabbit Serwm was prepared by repeatedly 
injecting 2 ml. of human gamma globulin into the interscapular space of normal 
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rabbits at weekly intervals for a minimum of six injections. Blood was collected 
from the ear veins of 4 animals 8 to 10 days after the injection of the last 
sensitizing dose. The pool of immune serum used contained 0.70 mg. of anti- 
body nitrogen per milliliter.’ 

METHODS 

Each animal served as its own control. The following sequence of pro- 
cedures was followed in each rabbit: After a single base line determination of 
the fluid compartments was made, the immune antiserum or the control (normal 
rabbit) serum was injected intravenously. Usually the injection was made on 
the day following the base line determination ; in a few animals, however, several 
days elapsed between the base line determination and the injection of antibody. 
Approximately 24 hours later, the immunizing antigen or the species-specific 
control antigen (bovine globulin) was injected into the interscapular space. Six 
hours following this injection, the initial experimental plasma volume and 
thideyanate space studies were done. The second experimental determinations 
were performed 24 hours after the interscapular injection. Each animal was 
weighed immediately prior to each fluid volume determination. 

An interval of 24 hours was allowed to elapse between the injection of 
antibody and the administration of antigen in order to permit the fixation of 
antibody to tissue cells. The antigen was injected subcutaneously, since it was 
found in preliminary experiments that its intravenous injection resulted in 
anaphylactic death. The interseapular area was chosen for subeutaneous injec- 
tion because Fleisher and Jones,* in their extensive investigations on serum 
sickness in rabbits, have shown that absorption of the antigen by this route was 
rapid. 

Group 1 (Experimental Group).—The 7 rabbits in the experimental group 
each received intravenously 3.5 to 4.9 mg. of antibody nitrogen per kilogram. 
Approximately 24 hours later, each animal was injected interscapularly with 
40 to 80 mg. of antigen nitrogen. The amount of gamma globulin administered 
to each rabbit was sueh that, when the antigen-antibody ratio was ealeulated 
by the method of optimal proportions, the antigen was in the zone of considerable 
excess.” 

Group 2 (Control Group)—Oft the 7 animals in the control group 2 were 
given, intravenously, 5 ml. of normal rabbit serum per kilogram. This procedure 
was followed after 24 hours by the interscapular injection of 40 mg. of human 
vlobulin nitrogen into each animal. Each of the remaining 5 animals received 
intravenously 2.8 to 3.5 mg. per kilogram of antihuman globulin antibody nitro- 
gen, followed in 24 hours by 0.025 to 0.20 Gm. of bovine Fraction II given 
interseapularly. 

The difference, then, between Groups 1 and 2 was the following: Eaeh of 
the animals in Group 1 received both antibody and specific antigen, whereas 
those in Group 2 were given either the immune serum or the antigen, but not 
both. In the latter group, the injection of these substances was preceded or 
followed by the administration of nonspecific serum or antigen. 
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Physiologic Methods.—Determinations of the plasma volume and_ the 
thiocyanate space were done simultaneously. Three to 4 ml. of blood was ob- 
tained from the ear veins and collected in an oiled test tube. Bleeding was done 
without anesthesia. Two milliliters of a solution containing 1 mg. of Evans 
Blue and 50 mg. of sodium thiocyanate per milliliter was then injected into a 
marginal vein. Ten minutes following completion of the injection, 3 to 4 ml. 
of blood was obtained from the opposite ear and placed in oiled test tubes. 
The plasma volume was determined by the T-1824 (Evans Blue) dye method, 
the thiocyanate space by the dilution of sodium thioecyanate.® Both methods 
were adapted to the Coleman Jr. spectrophotometer. The former was read at 
a wave length of 620 my and the latter at 490 mu. 

Statistical Methods.—The data were analyzed statistically by the following 
method: The absolute values for plasma volume and thiocyanate space were 
ealeulated in terms of milliliter per kilogram of body weight. The base line 
values for body weight, plasma volume, and thiocyanate space in each animal 
were then compared with the mean of the 6 and 24 hour values. The average 
difference for each group was obtained by adding the differences between the 
base line and the experimental values in all the animals in the group and divid- 
ing by the total number of animals. Each group was assumed to be normal at 
the start of the experiment, and the control and experimental groups were 
analyzed separately. The two groups as a whole were not compared with each 
other, since we were primarily interested in the magnitude of the change in the 
individual animals within each group. 


To test the significance of the results the following formulas were used: 








an : = 
Si So i— n(n — 1) 


The caleulated value of t was compared with the tabled value at (n-1) degrees 
of freedom. 

A significant increase in the thiocyanate space was noted in the experimental 
group when the average base line value was compared with the average mean 
of the 6 and 24 hour values. In the control group, comparison of the average 
base line value with the average mean of the 6 and 24 hour values showed no 
significant difference. 

No significant changes in body weight were found in either group, and 
in neither of the two groups was there a significant alteration in the plasma 
volume, 

COMMENT 

The present experiments were devised in an attempt to study, under more 
physiologie conditions than are afforded by the classic methods of anaphylaxis, 
the changes which might be related to in vivo antigen-antibody reactions. The 
experiments were designed to determine whether or not the injection of both 
specific antigen and antibody into a normal animal would produce any changes 
in the volume of fluid in which T-1824 and the thiocyanate ion were distributed. 
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The present experiment afforded no immunologic method for detection of 
the instant when the maximal physiologic changes appeared as did the serum 
sickness experiments. No positive clinical signs developed to serve as guides, 
The only alternative for statistical evaluation was to compare the base line 
values with the physiologic measurements observed at various arbitrary time 
intervals after the injection of both antigen and antibody. Statistical analyses 
were therefore conducted in which the base line values were compared with 
the mean of the response values obtained 6 and 24 hours after the injection 
of these substances. 

In the experimental group these analyses have shown a statistically signifi- 
cant inerease in the thiocyanate space when the mean of the 6 and 24 hour 
determinations is compared with the base line values. Such changes were not 
observed in the control group. 

The observed increase in the thiocyanate space may have been due to one 
or more of the following causes: interstitial edema, a shift of water from the 
intracellular to the extracellular compartment, a liberation of cellular water 
as a result of cell destruction, or an inerease in the permeability of membranes 
to the thiocyanate ion. However, the rapidity with which the alterations in 
the thiocyanate space occurred and the lack of correlation with the fluctuations 
in body weight fit best with the interpretation that an abnormal increase in the 
permeability of cell membranes permitted a wider distribution of the thiocyanate 
ion. Since no changes in plasma volume were observed, there were no evidences 
to suggest any alteration in capillary permeability. 

The results of the present experiment may be interpreted as providing 
additional evidence for the view that physiologic alterations which are measura- 
ble quantitatively, and which are not clinically obvious, can oceur when in vivo 
antigen-antibody reactions take place. The most logical explanation of the re- 
sults is provided by the assumption that an increase in the permeability of 
cellular membranes had occurred. Such changes cannot be detected by following 
the body weight, since the fluid is simply redistributed between two compart- 
ments. The alteration in the hydration of cells, with resultant ionic interchange, 
may cause significant changes in the cellular milieu, and hence in the function 
of intracellular enzyme systems. 


SUMMARY 


In a further study of immunophysiology, the passive transfer method was 
utilized in rabbits in an effort to determine the possible relationship between 
in vivo antigen-antibody reactions and certain alterations in the plasma volume 
and thiocyanate space. In animals given intravenous injections of antibody, 
followed by the interscapular administration of specific antigen, an inerease in 
the thiocyanate space was detected within 24 hours after injection of the antigen. 
Such a change was not observed in control animals given either specific antigen 
or antibody. This inerease in the thiocyanate space has been interpreted as 
indicative of an abnormal increase in the permeability of cell membranes which 
was directly or indirectly due to the antigen-antibody reaction. 
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THE INFLUENCE OF A SINGLE DOSE OF ACTH ON THE ATOPIC 
AND HISTAMINE SKIN REACTIONS 


KATHERINE L. Bowman, B.A., BERNARD B. SIEGEL, M.D., AND 
MatrHEw Wauzer, M.D., New York, N. Y. 


REVIOUS workers have reported no consistent change in the immediate 

skin reactions to tests with atopens and with histamine in patients under 
treatment with ACTH.! Occasionally a decrease,’ or even an increase,’ in the 
immediate atopic skin reaction has been observed, but such findings have not 
been considered significant. In most instances, the cases studied were atopic 
patients with acute symptoms, who were receiving treatment with ACTH as 
well as with other types of medication and therapy. Conclusions were drawn 
from comparisons of the results of skin tests performed before, during, and 
after ACTH therapy, usually after intervals varying from days to weeks, or 
even months. Under such cireumstanees, it proved difficult to recognize slight 
changes in the patients’ skin reactions and to evaluate the effects of ACTH 
on the patients’ cutaneous response. 

In order to circumvent such difficulties, the writers undertook to study the 
immediate effects of a single dose of ACTH upon skin reactions to tests with 
atopens and histamine in atopie individuals who, at the time of the experiment, 
were well and symptom free. It was planned to complete each study in a 
single day, thus making it possible to keep the subject under observation and 
to control the conditions of the experiment. 

TECHNIQUE 

Karly on the day of the experiment, the subject was tested with an atopen 
extract and with a solution of histamine phosphate. At the same time, blood 
was drawn by venipuncture for an eosinophil count. A 25 mg. dose of ACTH 
was then administered intramuscularly. Four, eight, and twelve hours later, 
the skin tests and eosinophil counts were repeated. 

Total eosinophil counts were made according to the Randolph method 
employing the propylene-glycol phloxine stain. 

Three lots of ACTH,* Nos. 1061, 1065, and 115, were used during the 
course of these experiments, which were carried on over a period of about 
one year, 

Atopie individuals, with positive cutaneous reactions to pollen or animal 
dander extracts, were used as subjects. All had normal skins, were asymp- 
tomatic, and had received no medication or specifie therapy for several months 
prior to the experiment. Detailed information concerning these subjects is 
provided in Table I. 

The pollen and dander extracts used for skin testing were prepared ac- 
cording to the method of Coca and Milford, and their total nitrogen content 
determined by the Kjeldahl method. Dilutions suitable for testing were made 

From the Allergy Division of the Jewish Hospital of Brooklyn, New York. 


Aided by a grant from the Celia G. Antonoff Research Fund. 


*These preparations of ACTH were obtained from International Hormones, Inc. of 
Brooklyn, New York. They were derived from hog pituitary and, by bio-assay, were equivalent 
to Armour’s Standard LA-1-A., 
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with buffered saline and produced no reactions in nonatopie skins. Dilutions 
of histamine phosphate were made with physiologic saline. 

Skin tests were performed by the intracutaneous technique with strict 
adherence to Bowman’s recommendations for comparative testing.* The test 
injection consisted of approximately 0.01 ml. of solution. All skin tests and 
readings of reactions were performed by the same investigator (K. B.). 

Prior to the day of the experiment, preliminary titrations were carried 
out on each subject in order to determine the dilution of test material which 
would produce, in that individual, a reaction in or just below the slight or one- 
plus zone. Bowman? has pointed out that small variations in the size of wheals 
are most readily detected at this level. 


TABLE I, CLINICAL DATA ON SUBJECTS TESTED 


mT | | iy | ; | ATOPIC CUTANEOUS REACTION 





FAMILY | | | PRAUSNITZ- 
: | HISTORY FOR CLINICAL MANIFESTATION ATOPEN KUSTNER 
CASE | SEX | AGE | ATOPY | OF ATOPY | TESTED | REACTION 
~ 1 M~ 8 Positive Asthma Rabbit epithe- Positive 
lium 
2 OM 32 Positive Hay fever Ragweed and Positive 
timothy 
3 F 26 Positive Hay fever Plantain Positive 
4 F 23 Positive Hay fever Ragweed Positive 
5) F 32 Positive Hay fever, migraine Ragweed Positive 
6 M_ 2 Positive Hay fever Ragweed Positive 
7 M 24 Negative Vasomotor rhinitis Ragweed Positive 
8 M 26 Negative Vasomotor rhinitis Ragweed Positive 
9 F 23 Negative Hay fever Timothy Positive 
10 M 27 Negative None Ragweed Positive 
1] M 26 Positive Atopie dermatitis Timothy Not tested 
(healed) ; vasomotor 
rhinitis 
12 F 36 Negative Vasomotor rhinitis Ragweed Positive 


Tests were inserted on the outer aspect of the arm, the first in each series 
being placed approximately two inches below the shoulder or above the el- 
bow. Subsequent tests were spaced two inches apart in a vertical line, running 
either down or up the arm. 

The reactions were read when they reached their height, between twelve 
and eighteen minutes after insertion of the tests. They were evaluated by in- 
spection and by palpation, minute variations in the characteristics of the wheal 
and erythema being recorded. 

The absence of an accepted standard for the evaluation nad recording of 
fine differences in the degree of skin reactions rendered it necessary for the 
writers to adopt a system of their own for this purpose. To avoid burdening 
the reader with the many and minute details involved in this system, reactions 
have been given numerical equivalents which have been employed in the 
presentation of results and in the tables. A reaction commonly designated as 
of slight or one-plus degree was assigned a value of 12. This consisted of a 
wheal approximately 8 mm. in diameter and 1 mm. in height, usually sur- 
rounded by an areola of solid erythema. The value of 6 was assigned to a re- 
action commonly designated as of negative to slight or plus-minus degree. 
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This wheal was approximately 4+ mm. in diameter, faintly elevated, and usy. 
ally was surrounded by an areola of punctate erythema. ['iner intervening 
gradations of reaction were based primarily on differences in the size, indura. 
tion, and elevation of the wheals. The differences in the extent and intensity 
of the erythema were given less consideration and pruritus was ignored en- 
tirely as a factor in the evaluation of reactions. 
RESULTS 

After several preliminary trials, adequate experiments were performed 
on twelve subjects on whom were run 29 trials with atopens and 13 with his. 
tamine. Some were subjected to simultaneous tests with atopen and his. 
tamine or with the same or different atopens. Others were retested at inter. 
vals of a month or more with the same atopen, but with different batches of 
ACTH. The results of all tests are presented in Table I] and summarized in 
Table IIT. 
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Fig. 1.—Composite graphs of the results of all trials, excluding those of Cases 3 and 7, 
following intramuscular injection of 25 mg. of ACTH. A, Atopic skin reactions. H, His- 
tamine skin reactions. EF, Eosinophil counts. 

In most subjects, the atopic skin reaction was slightly, but definitely, 
diminished by a single intramuscular dose of at least one of the three prepara- 
tions of ACTH. In contrast, the histamine wheal remained unaffected or 
showed a tendency toward a slight inerease in size. An adequate eosinopenia 
developed with each hormone preparation in all subjects except one (Case 6). 

ATOPIC SKIN REACTIONS 


The amount and timing of the change in the atopie skin reaction varied 
with the preparation and with the individual. Ten of the twelve subjects 
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TABLE II, INFLUENCE OF ACTH on ATOPIC AND HISTAMINE SKIN REACTIONS 


| SKIN REACTIONS— ; MAXIMAT, EOSINOPHIL 





NUMERICAL EQUIVALENTS CHANGE IN | COUNTS 
HIS- MAX- 
BE- ATOPIC | TAMINE| BE- IMAL 
ACTH TEST* yong [HOCRS Aree Ae | RE- | FORE (CHANGE 
CASE) DATE | LOT NO. |SUBSTANCE | ACTH 4 8 | 12 | ACTION | ACTION | ACTH | IN % 
71 7/20/50' 1061 RE. 9 5 4 3 6 203 73 
Histamine 7 9 7 10 +3 
1A | 8/21/50| 1061 R.E. 6 6 a 5) —2 172 | —d5d 
R.E. 6 6 4 5 —2 | 
1B /10/ 4/50} 1061T | R.E. 7 7 iy 6 —2 201 | -42 
Histamine! 11 12 11 11 +1 
2 7/24/50} 1061 R. .001 7 7 4 7 ~J | 
T. 002 | 2 10 7 8 —4 | 665 | —88 
Histamine s | @ 7 5) +2 | | 
9A | 5/22/51 115 R. .0025 10 (j a | | 4" 700 | -87 
2B} 4/17/51 | Armour! R. .0025 HE 6; «C680 10 | 9 = 682 —59 
J2 8812) Histamine! 11 | 11 11 11 0 | 
3 8/15/50 | 106] Pl. .001 lld | 12d 12d 12d +1d 83 —60 
Histamine} 10 1] 11 1] | +1 | 
3A} 6/19/51 115 | Pl .0Ol =| 12d 12d 12d 13d +1d | 99 | -100 
Histamine} 11 11 12 12 | | +1 | 
4 10/16/50) 1061 | R. 0001 | 11 1] 1] 11 | O 22 | -100 
Histamine} 5 5 5 5 | 0 | 
4A | 6/ 5/51 115 | R. .0001 11 8 10 11 =o 60 | —100 
Histamine! 10 | 11 10 | 10 +1 
5 10/24/50!) 1061 | R. 0005) | 11 11 ht 6) 6 0 321] —53 
Histamine) 5 5D 5 5 0 | 
5A | 5/22/51 115 | R. .0005 2 | 11 10 11 a | 438 | -93 
R. .0005 12 1] 10 1] ~ | 
6 j|11/ 7/50) 1061 R. .0005 12 mm |} 2 | B =f | 383 | +36 
Histamine} 10 10 | 10 | 10 0 
6A | 4/12/51} 1065 | R. .0005 12 1] 1] 1] =I | | 316 ~28 
| R. .0001 10 a ot & 6 4 
6B| 5/ 1/51 115 R. .0005 | 11 9 11 10 _9 415 -64 
Histamine} 10 1] 11 10 +] 
7 |11/ 9/50; 1061 | R. .0005 | 124d 13d 17d | 12d sha | 77 51 
R. .0005 lid | 12d | 18d] lld | 49¢ 
7A | 6/21/51 HS R. .0005 11d 11d 11d 12d +1d 138 —76 
Histamine 9 10 11 1] +2 
8 j11/ 9/50} 1061 | R. .01 10 8 5 6 -5 216 ~69 
R. .O1 8 t a a —3 
9 2/27/51 1065 rT, 00 11 11 9 8 =—% 238 —44 
. 00 | 7 4 4 ~3 
10 3/ 6/51 1065 R. .05 1] 11 8 5 —6 149 —56 
11 3f G/al 1065 T. .00 14 14 12 12 2 228 —)7 
12 af LAS 115 R. .0005 11 6 9 1] =) 144 —73 
Histamine} 10 ! 10 | 11 11 [ +1 | 


*Atopens in terms of mg. total N/ml. Histamine (base) dilution 1 :100,000. 
*Dose 50 meg. 

R. Ragweed Pollen Extract. 

T. Timothy Pollen Extract. 

Pl. Plantain Pollen Extract. 

R.E. Rabbit Epithelium Extract .000001. 

d followed by delayed reaction. 


studied responded to a 25 mg. dose of at least one of the three ACTH prepara- 
tions with a diminution in the skin reaction of from 2 to 6 points below the 
pretreatment level. Six of the ten showed changes of from 4 to 6 points in 
one of their tests (Table III). 

As a rule, the decline in cutaneous response was detectable at the test 
performed four hours after the hormone injection. It was most pronounced at 
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Fig. 
Lot 115. 
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Fig. 
reactions. 


CUTANEOUS REACTIONS 


2.—Typical 


A, Reactions to tests with ragweed pollen extract. 
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EH, Eosinophil counts. 


3.—Failure 
Case 3, 3A. 
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eight hours. At twelve hours, the effeet of the ACTH was usually waning, 
and tests performed twenty-four to thirty hours after the administration of the 
ACTH (not recorded in the protocols) elicited, as a rule, reactions of pretreat- 
ment level. With Lot 115, the depressive hormonal effects were in some in- 
stances maximal at four hours (4A, and 12). Graphic illustrations of the hor- 
mone effects upon the cutaneous response to atopens appear in Figs. 2, 4, and 5. 
A composite graph of the results obtained in all trials on the ten cases who 
showed a positive response to at least one of the three test lots of ACTH is 


presented in Fig. 1. 


TABLE IIT. MAXIMAL CHANGES IN NUMERICAL VALUES OF SKIN REACTIONS FOLLOWING 
ADMINISTRATION OF ACTH 


ATOPEN TEST HISTAMINE TEST 
ACTH LOT NO. “ACTH LOT NO. 
CASE 1061 1065 115 1961 1065 115 
— ft | 2-8 2) +3 +1 
o* —3 —4 —5 +2 
3 +ld +ld +] +] 
4 0 3 0 +1 
5 0 a ee 0 
6 —] —] -4 = 0 +1 
? +5d 42d +1d +2 
8 —) -3 
9 = 
10 —6 
1] 2 
Ps — +] 


*In another experiment using Armour preparation, change with atopen —2, with his- 
tamine 0. 

750 mg. of ACTH used. 

d — delayed resolution. 


Subjects were fairly consistent in their responses to ACTH, even though 
different lots of material were used. Exceptions, however, were Cases 4 and 5 
who failed to respond to Lot 1061, but showed a diminution in specifie skin re- 
activity with Lot 115, which proved to be the most potent of the three 
preparations used. (Tables II and III, Fig. 4.) Case 6, who was tested with 
all three lots of ACTH, showed the greatest variability in the entire series, 
not only in respect to his cutaneous reactions but, also, in his eosinophilic re- 
sponses (6, 6A, 6B). 

Among the twelve eases tested, only subjects 3 and 7 failed to show any 
diminution in cutaneous response following tests with ACTH (Lots 1061 and 
115) (3, 34, 7, 74). In facet, these two eases, particularly the latter, responded 
to the hormone administration with increases in the size of the specifie skin reac- 
tions (Fig. 3). Both subjects, however, were abnormal in that at all times they 
showed delayed resolution of the immediate whealing reactions produced by the 
skin tests with atopens. Erythema and edema were present at each of these test 
sites for several hours. After eight hours, the delayed reactions were usually 
fading, or had already disappeared. This phenomenon did not occur at the 
sites of the histamine tests on these subjects, nor was it observed with the 
atopen tests on any other subjects. For this reason, the results obtained on 
subjects 3 and 7 were not included in the computation of the composite graphs 
for the entire series, which are shown in Fig. 1. 
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Fig. 4.—Effectiveness of Lot 115 and ineffectiveness of Lot 1061 
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Duplicate tests performed on both arms in three subjects yielded parallel 
results following the administration of ACTH. In Cases 8 and 5, there was a 
corresponding diminution in cutaneous reactivity on both arms (Fig. 5), while 
in Case 7 there was a parallel increase in the size of the wheals. 

In subjects 14 and 9, corresponding tests were inserted on both arms so 
that the sequence of tests ran up the arm on one side and down on the other. 
A consistent decrease in reactivity occurred on both arms in both eases, thus 
ruling out relative position on the arm as the factor responsible for the 
changes which were obtained. Case 2 was tested simultaneously with dif- 
ferent atopens on the same arm. Both specifie reactions showed similar de- 
creases following ACTH administration. 

In one subject, a 50 mg. dose of ACTH produced similar results to those 
previously obtained with 25 meg. of the same preparation (14, 1B). 

For purposes of comparison, a 25 mg. dose of an Armour preparation of 
ACTH was administered to subject 2. The effect of this preparation was 
similar to, but less pronounced than, the results obtained previously with 
Lots 1061 and 115 in the same patient (2B, 2, and 2.1). 

In order to rule out the possibility that the alterations in cutaneous re- 
sponse observed in these experiments were the result of repeated skin testing 
at short intervals, control studies were run without the administration of 
ACTH. Repeated tests with the atopen or histamine at four-hour intervals 
produced no significant changes in the skin reactions during the course of a 
day. 

HISTAMINE REACTION 

Tests with histamine following a dose of ACTH were run thirteen times 
on eight subjects who were being tested simultaneously with atopens. In not 
a single instance did the histamine wheal diminish in size below its pretreat- 
ment level (Figs. 2, 3, and 4). The reactions either remained unchanged or 
fluetuated slightly above the pretreatment level, but never exceeded a three- 
point increase. The average curve of the results obtained with histamine 
forms an almost straight line and is shown in Fig. 1. 


EOSINOPHIL COUNTS 


Following a dose of ACTH, an adequate decrease in blood eosinophils, 
varying from 42 to 100 per cent, occurred in all trials on 11 of the 12 sub- 
jects studied (Table 11). Only in Case 6, in which the effects of ACTH on 
the atopic skin reaction were ineonstant, did the changes in the eosinophil 
counts also vary. In this subject, the maximal changes with the three lots of 
ACTH were +36, —28, and -14 per cent respectively. 

With all three hormone preparations, the drop in the eosinophil count 
was usually greatest in the four-hour blood sample. With Lot 115, the eosino- 
penia was still pronounced at eight hours; with the other preparations, this 
effect was less striking. The composite graph representing the average of 
eosinophil counts taken before and after the administration of ACTH (exelud- 
ing Cases 3 and 7) appears in Fig. 1. 
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CORRELATION OF HORMONAL EFFECTS 


There was no absolute correlation between the cosinopenic response and 
the effect of the ACTH on the specifie skin reaction. Both changes occurred 
in a majority of trials, but in several instances the eosinopenia developed with. 
out a demonstrable alteration in the atopie skin reaction (Cases + and 5). Neither 
the initial level of eosinophils in the blood nor the amount of eosinopenia pro- 
duced by the ACTH could be correlated with the intensity of the depressive 
effect of the hormone upon the skin reaction. 

The maximal eosinopenic effect, usually evident at the four-hour reading, 
tended to precede the maximal depression in the specifie skin reaction, which 
was usually most pronounced at eight hours (see Fig. 1). 


DISCUSSION 

Following the injection of a single dose of 25 mg. ACTH in atopie sub- 
jects who were symptom free, the writers were able to detect, in most trials, 
a slight but distinct depressive effect of the hormone upon the specific atopic 
skin reaction, but not upon the nonspecific histamine response. 

The decrease in the atopic cutaneous reaction following a 25 mg. dose of 
ACTH was small, and the result in the single instance where a 50 mg. dose was 
used was not more impressive. The relatively slight diminution in the skin 
reaction undoubtedly accounts for the failure of previous workers, who lacked 
the advantage of adequate controls in their investigations, to detect the 
change. But there can be no question as to the validity of the finding. Every 
known variant in technique which might have accounted for the result was 
sarefully studied and ruled out. Furthermore, the definite difference in the 
effects of the ACTH upon the atopen and histamine tests adds weight to the 
significance of the experimental findings. 

Since the slight changes in the allergic cutaneous response do not parallel 
the striking clinical benefits of ACTH therapy in allergic illnesses, the findings 
conform with the prevalent concept that the hormone does not operate by 
materially diminishing the antigen-antibody reaction in these conditions. On 
the other hand, the fact that there is an alteration in the response of the skin 
to atopens and not to histamine may be considered an indication that some 
phase of the immunologie mechanism is affected by the hormone. 

The three lots of ACTH which were employed in these studies were not 
equally active. This was apparent in their effects upon the eosinophil counts 
and upon the skin reactions (Tables II and III). It is significant, however, 
that, despite the quantitative variations obtained in tests with these prepara- 
tions, the changes in the atopie skin reactions were always in the nature of a 
decrease in size, whereas the histamine reactions consistently failed to show 
any diminution in size (Table IIT). 

The significance of the delayed reactions in Cases 3 and 7, the only two 
subjects in this series to show increases in specific cutaneous reactivity fol- 
lowing the use of ACTH, remains to be determined. It is interesting to note 
that both of these subjeets responded normally in respect to their eosinophil 
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counts and their cutaneous responses to histamine. The peculiar coincidence 
of the unusual inerease in specific cutaneous reactivity occurring only in those 
two subjects who showed delayed resolution suggests the presence of some 
atypical and unrecognized factor in the immunologic mechanism in these eases. 


SUMMARY 


Employing a single intramuscular 25 mg. dose of ACTH and _ testing 
asymptomatic subjects with dilutions of atopens producing only slight eu- 
taneous reactions, the writers have succeeded in demonstrating, in the ma- 
jority of subjects, a slight but definite depressive effect of the hormone upon 
the atopic cutaneous skin reaction. The cutaneous response to histamine was 
not depressed by ACTH in any subject. 


The authors gratefully acknowledge the technical assistance of Sonia Stroyman. 
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THE EFFECT OF ACTH ON THE DISTRIBUTION OF EOSINOPHILS 
IN BLOOD AND PERIBRONCHIAL TISSUE OF GUINEA PIGS 


Max Samter, M.D., Eruen. E. Erickson, M.D., ANp 
MartHa ANN Koroen, B.S., CHIcaGco, ILL. 


O*" MANY factors suspected to alter the distribution of eosinophils, only 
two have been confirmed in experiments: 


1. their increase in blood and tissues as a result of certain antigen-antibody 
reactions; and 

2. their decrease in the circulating blood after administration of ACTH and 
adrenocorticoids. 


The increase of eosinophils in allergic conditions is a result of tissue changes 
caused by antigen-antibody union—neither antigen nor antibody alone produce 
eosinophilia. 

Decrease in eosinophils through the action of ACTH and adrenocorticoids, 
while used extensively as an indicator of adrenocortical activity, is poorly under- 
stood. It is often spoken of as ‘‘lysis,’’ although no destruction has been demon- 
strated. It seems equally possible that eosinophils are stored in tissues and 
recirculated after the adrenocortical activity has subsided. 

Theoretically, the number of eosinophils in blood and tissues before and 
after administration of pituitary-adrenal hormones should supply the answer 
for their mode of disapperance from the circulating blood. The first part of 
our study reports the relative distribution of eosinophils in peripheral circula- 
tion and lungs of guinea pigs after injection of a single dose of ACTH. 

It is intriguing that not only the function but even the distribution of 
eosinophils is so elusive that the controversy about their origin in bone marrow 
or tissues has never been adequately resolved. In our opinion, the increase in 
eosinophils of blood and lungs in animals surviving anaphylaxis is due to their 
release from the bone marrow, their transportation through the vascular bed, 
and their immigration into the shock tissue. Other authors, however, assume 
that eosinophils originate in the tissues as a result of the anaphylactic shock 
and that the increase in the blood is due to an overflow of tissue-formed eosin- 
ophils into the general circulation. In either case one would expect, of course, 
a correlation between the level of eosinophils in blood and tissue. If it were 
possible to eliminate eosinophils from the circulation prior to anaphylactic 
reactions, one should be able to decide whether eosinophils originate in or im- 
migrate into the peribronchial tissue. Thus, we have attempted to free the 
vascular bed of sensitized guinea pigs from eosinophils prior to the anaphylactic 
reaction and to study shock tissues in such eosinophil-free guinea pigs after 
reinjection of the homologous antigen. This experimental design has one 
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possible fallacy. Eosinophils which are present in the cireulation of sensitized 
eyinea pigs may not be lysed or otherwise destroyed, but driven, by the adminis- 
tration of ACTH, into the tissues, e.g., the lungs, where they are subsequently 
found. 

The problems thus outlined divide our investigation into three parts: 

1. The study of the effect of a single dose of ACTH on eosinophils in blood 
and lungs of animals with various levels of circulating eosinophils, e.g., non- 
sensitized guinea pigs as well as guinea pigs sensitized and reinjected with a 
homologous antigen. 

2. The effect of repeated doses of ACTH on the eosinophils in blood and 
lungs of animals which were sensitized to, but not reinjected with, a homologous 
antigen. 

3. The study of the effect of reinjection of a homologous antigen on sensi- 
tized animals, the peripheral eosinophil count of which had been depressed 
prior to the anaphylactie reaction. 


EXPERIMENTAL PROCEDURE 


Single Dose Experiments.—The 48 guinea pigs used in the study weighed 
250 to 300 Gm. They were of either sex, of varying color, bought at random. 
Twelve guinea pigs remained nonsensitized. Thirty-six guinea pigs were sensi- 
tized by intraperitoneal injection of 2 mg. erystallized ovalbumin dissolved in 
1 ml. of physiological saline. Three weeks later they were given 2.5 mg. of 
Benadryl in 1 ml. of physiological saline intraperitoneally. Thirty minutes 
after the administration of Benadryl, 18 were reinjected intracardially and 18 
intraperitoneally, with 2 mg. each, of crystallized ovalbumin dissolved in 1 ml. 
of physiological saline. 

Twenty-four hours after reinjection of ovalbumin the animals were given 
ACTH (Corticotropin, Wilson ).* 

Of twelve nonsensitized animals, 6 were given 5 mg. of Corticotropin intra- 
muscularly, and 6 Corticotropin-diluent : phenol-water of pH;. Of 36 sensitized 
and reinjected guinea pigs 12 were given 15 mg. of Corticotropin intramuscu- 
larly, 6 were given 5 mg. of Corticotropin, the remaining 18 were given diluent 
intramuscularly into the muscles of the hind legs. 

Absolute eosinophil countst were made of all animals prior to the injection 
of ovalbumin, during the period of incubation, immediately before reinjection 
of the homologous antigen, 24 hours after reinjection, and 4 hours after the 
administration of Corticotropin. 

Four hours after the administration of Corticotropin or diluent the animals 
were sacrificed by intraperitoneal injection of 1 ml. of a saturated solution of 


nembutal. Tissues—abdominal skin and lung—were obtained immediately 


*Corticotropin (Wilson) is prepared by the method of extraction described by Payne, 
Raben, and Astwood.! Although it is difficult to establish comparable standards of potency, 
it was felt that one milligram of the preparation equalled—at the time of the experiment 
approximately 1.5 mg. of ACTH Armour (LA-1A) standard. Dr. David Klein, Director of 
Research, Wilson Laboratories, Chicago, Illinois, kindly supplied Corticotropin (Wilson) for 
this investigation. 

+Blood was obtained by cardiac puncture and collected in heparainized tubes. Absolute 
counts were made by chamber technique using methylene blue phloxine in propylene glycol as 
a diluent. (Randolph.)2 The criteria for the technique and evaluation of eosinophil counts 
have been described in a previous publication. (Best and Samter.)?® 
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after death—fixed in Zenker-Formol and stained in duplicates with hematoxylin- 
eosin and Giemsa, respectively. Interpretation of the slides was done by one 
of us (KE. E. K.), the interpreter being unaware of the experimental procedure. 
Tissue edema and the number of eosinophils in peribronchial tissues and skin 
were recorded. A semiquantitative procedure was adopted for the enumeration 
of eosinophils. The eosinophils in 10 high-power fields were counted (Ocular 
10X wide field; Objective 43X) and the average recorded as follows: 


None—0 
6- §—t 
5-10—+ 


10-20—+- + 
20-30—+ + + 
Above 30—+++4++ 

Multiple Dose Experiments.—(a) Injection of Corticotropin in guinea pigs 
sensitized to, but not reinjected with, ovalbumin. 

Twelve guinea pigs were given 2 mg. crystallized ovalbumin in 1 ml. of 
physiological saline, intraperitoneally. 

Three weeks after the injection of ovalbumin they were given Corticotropin 
in doses of 5 mg. (dissolved in .25 ml. of diluent) every 6 hours for 48 hours, 
intramuscularly, into alternating sites of the hind legs. 

Absolute eosinophil counts* were made prior to the injection of ovalbumin, 
immediately preceding the first injection of Corticotropin, 4 hours after, 24 
hours after, and 48 hours after the beginning of Corticotropin administration. 

Forty-eight hours after the beginning of the administration of Corticotropin 
(immediately after the final eosinophil count) the animals were sacrificed by 
intraperitoneal injection of 1 ml. of a saturated solution of Nembutal. Tissues 
were obtained and prepared for histological examination as previously outlined. 

(b) Injection of Corticotropin in animals sensitized to, and reinjected 
with, ovalbumin. 

Kighteen guinea pigs were given 2 me. erystallized ovalbumin in 1 ml. 
physiological saline intraperitoneally. 

Twenty days after the initial injection of ovalbumin, treatment with ACTH 
was started. The animals were given Corticotropin, 5 mg. every 6 hours for 
48 hours in the muscles of the hind legs. 

Twenty-one days after the first injection of ovalbumin, i.e., 24 hours after 
the beginning of Corticotropin administration, the animals were given 2.5 mg. 
Benadryl] in 1 ml. physiological saline, intraperitoneally ; 30 minutes later 2 mg. 
erystallized ovalbumin in 1 ml. of physiological saline, intracardially. Corti- 
cotropin injections were continued for another 24 hours, until a total of 40 mg. 
had been injected, one-half of this amount prior to, one-half subsequent to the 
reinjection of the homologous antigen. 

*Blood for absolute eosinophil counts in this series was not drawn by cardiac puncture 
but by venesection from the ears of the animals. It is true that the absolute eosinophil count 
in peripheral blood and heart blood of guinea pigs varies. (Roofe, Latimer, Madison, Maffet, 
and Wilkinson.)* While it is thus not permissible to use blood from peripheral veins and heart 
interchangeably, extensive studies of our own have convinced us that blood obtained by 
skilled technicians from the ear veins of untreated guinea pigs yields stable and comparable 


eosinophil counts. We prefer the latter method because it does not involve, like the former, 
the risk of internal bleeding. 
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Absolute eosinophil counts were obtained prior to and four hours after 
the first dose of Corticotropin, twenty-four hours after repeated administration 
of Corticotropin (i.e., immediately before the reinjection of ovalbumin) and 24 
hours later, shortly before the animals were sacrificed for histological study. 

The animals were killed by intraperitoneal injection of 1 ml. of a saturated 
solution of Nembutal. Tissues for histological examination were prepared as 
previously described. 

RESULTS 

1. Single-Dose Experiments.—The results of the single-dose experiments 
are equivocal. The reasons for this are easily understood. Guinea pigs show 
a considerable and unpredictable variation in the increase in eosinophils in 
blood and lungs after anaphylactic shock; this is true whether the animals are 
protected against the sequels of antigen-antibody union by intraperitoneal in- 
jection of Benadryl or whether they survived reinjection of the homologous 
antigen without protection (Samter’). The response of guinea pigs to the in- 
jection of a single dose of Corticotropin is erratic. Table I shows the response 
TABLE I, CIRCULATING EOSINOPHILS OF 12 NONSENSITIZED GUINEA PIGS BEFORE AND 4 Hours 


AFTER INJECTION OF CORTICOTROPIN OR DILUENT; PERIBRONCHIAL EOSINOPHIIS 
4 Hours AFTER INJECTION 


~ NUMBER OF | 
CIRCULATING | 


EOSINOPHILS PERIBRONCHIAL 
PER MM.3 | 4 HOURS . EOSINOPHILS 
GUINEA BEFORE | AFTER 4 HOURS AFTER 
PIG NO. TREATMENT TREATMENT TREATMENT TREATMENT 
I 612 314 eee Diluent 
2 209 187 + + Diluent 
3 38 60 + Diluent 
4 44 71 +4 Diluent 
5 55 60 + + + Diluent 
6 44 115 + + Diluent 
7 44 0 n Corticotropin 
8 11 1] 0 Corticotropin 
9 91 17 +++4 Corticotropin 
10 44 6 + +++ Corticotropin 
aa 33 154 + 4 Corticotropin 
12 11 6 ~ Corticotropin 


of the cireulating eosinophils of nonsensitized guinea pigs to the injection of 
Corticotropin or Corticotropin diluent; the number of peribronchial eosinophils 
recorded at the same time as the second absolute eosinophil count 4 hours after 
the injection of the hormone or its control. The variability of the response 
is evident even though the pretreatment level of circulating eosinophils, as well 
as the number of eosinophils in the peribronchial tissue, in this particular group 
of animals is uncommonly high. 

Figs. 1 and 2 record the absolute number of eosinophils in blood and peri- 
bronchial tissue subsequent to anaphylactic shock, four hours after injection of 
Corticotropin. Of the animals of the first group (Fig. 1) six had been given 
diluent, six 5 mg. of Corticotropin, and six 15 mg. of Corticotropin, intra- 
museularly. Of the animals of the second group (Fig. 2), 12 had been given 
diluent, and six, 15 mg. of Corticotropin. 
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Five of the 6 animals which had been given diluent showed a high peripheral] 
eosinophil count; 6 a high eosinophil count in the peribronchial tissue. Of the 
animals which had been given 5 mg. of Corticotropin, 4 had elevated peripheral 
eosinophil counts, 2 had normal absolute eosinophil counts; 5 out of 6 failed to 
show eosinophils in the peribronchial tissue. The 6 guinea pigs whieh had heen 
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Fig. 1.—Circulating and peribronchial eosincphils of 18 guinea pigs (sensitized to, and 
reinjected with, ovalbumin; 24 hours after reinjection)—4 hours after injection of Cortico- 
tropin and Corticotropin diluent. 


given 15 meg. of Corticotropin had lower absolute eosinophil counts than the 
other animals even though the counts still exceeded the average found in non- 
sensitized guinea pigs. Four of 6 had a moderate number of eosinophils, one 
a marked number of eosinophils in the peribronchial tissue. 

The response of the second group of animals (Fig. 2) differed in several 
respects from that of the first group. Of 12 animals which had been given 
diluent 5 had an absolute eosinophil count exceeding 100 cells per cubed milli- 
meter; 7 had eosinophil counts below 100. With two exceptions, the number 
of eosinophils in the peribronchial tissue corresponded roughly to the number 
found in the circulating blood. Of the six animals which had been given 
15 mg. of Corticotropin 3 had absolute eosinophil counts exceeding 100 cells 
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Fig. 2.—Cireulating and peribronchial eosinophils of 18 guinea pigs (sensitized to, and 
reinjected with, ovalbumin; 24 hours after reinjection)—4 hours after injection of Corticotropin 
and Corticotropin diluent. 


» 


Forty-eight-Hour Experiments.—Fig. 3 summarizes the results of the in- 
jection of 5 mg. of Corticotropin every 6 hours for 48 hours in guinea pigs sensi- 
tized to, but not reinjected with, ovalbumin. The number of circulating eosino- 
phils before, 24 hours and 48 hours after continued administration of Corti- 
cotropin, and the number of eosinophils in peribronchial tissue 48 hours after 
the administration of Corticotropin are recorded. At the beginning of the 
experiment the level of cireulating eosinophils was between 0 and 50 eosinophils 
per cubed millimeter in 10 of 12 animals; the remaining 2 had an absolute 
number of circulating eosinophils of 54 and 98, respectively. Twenty-four hours 
after administration of Corticotropin the number of circulating eosinophils in 
all but 2 animals was below 10. One animal had 20 eosinophils per cubed milli- 
meter, one had 32. Twenty-four hours later the eosinophil count was essentially 
unchanged. The highest number of circulating eosinophils was 29. One animal 
had 11, one 12, 4 animals had 5 cireulating eosinophils per cubed millimeter 
each, and the remaining 5 had no eosinophils in the circulating blood. 
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In spite of depression or absence of circulating eosinophils, each of the 
animals had eosinophils in the peribronchial tissues. The number of eosinophils 
in the peribronchial tissue was not particularly high. It was higher, however, 
than should be expected on the basis of the number of circulating eosinophils. 
Fig. 4 records (a) the changes in the number of peripheral eosinophils of 
euinea pigs which were sensitized to ovalbumin and reinjected during the 
administration of Corticotropin, and (b) the number of eosinophils in blood 
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; Fig. 4.—Circulating eosinophils of guinea pigs sensitized to ovalbumin and reinjected dur- 
ing administration of Corticotropin. Circulating and peribronchial eosinophils 24 hours after 
reinjection of the homologous antigen. 


and peribronchial tissue at the time of death. The absolute eosinophil counts 
before and 24 hours after administration of Corticotropin resemble those found 
in the preceding group of animals reported in Fig. 3. 

Of 18 animals, 4 had peripheral eosinophil counts exceeding 100 cells per 
cubed millimeter; 2 animals had eosinophil counts between 50 and 100 cells per 
cubed millimeter; the remaining animals had eosinophil counts between 10 and 
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\0.per cubed millimeter. Administration of 5 mg. of Corticotropin every 6 
hours for.24 hours depressed the peripheral eosinophil count in all experimental 
animals. Only one animal had an eosinophil count exceeding 30 cells per cubed 
millimeter, 2 had 12 cells per cubed millimeter each, 3 were below 10, and the 
remaining 12 animals had no eosinophils in the circulating blood. Twenty-four 
hours after reinjection of ovalbumin, during continued administration of 
Corticotropin, the peripheral eosinophil count had increased in all but 5 of the 
animals. In 10 animals the increase did not exceed 50 cells per cubed millimeter: 
3 animals had 55, 64, and 98 cells per cubed millimeter, respectively. Seven of 
the animals had a small number (+) of eosinophils in the peribronchial tissue: 
4+ animals had a moderate number (+); 3 animals had a marked number (++): 
2 had an average of 27 cells per high-power field (+++); and 2 had an abun- 
dance of eosinophils in the peribronchial tissues (+ +++). In most instances the 
number of circulating eosinophils and of eosinophils in the peribronchial tissue 
showed a satisfactory correlation. The 4 animals which had the highest number 
of eosinophils in the peribronchial tissue, however, had only 16, 7, 45, and 55, 
respectively, in the blood at the time at which they were sacrificeed—figures which 
were much lower than one would expect from the histological picture. 


DISCUSSION 

The interpretation of the results was complicated by the fact that eosino- 
phils in the guinea pig responded only sluggishly to ACTH. Injection of the 
hormone caused a marked increase in polymorphonuclear leukocytes, a marked 
decrease in lymphocytes, but the response of the eosinophils was less pronounced 
than one would expect from the experience in man where the drop in circulating 
eosinophils is accepted as an index of pituitary-adrenocortical activity. In order 
to depress the peripheral eosinophil count of guinea pigs to zero (or close to 
zero) it was necessary to inject relatively large amounts of the hormone, ¢.g., 
5) mg. of Corticotropin every 6 hours. In retrospect one might conclude that 
the guinea pig is not a very satisfactory animal for the study of the effect of 
ACTH on the distribution of eosinophils in blood and tissue. 

The single-dose experiments were undertaken in the hope that they would 
permit a comparison of the effect of ACTH on eosinophils in the circulation 
and on those in shock tissue. Unfortunately, the results defy interpretation. 
In general, it appeared that the correlation which existed between the number 
of eosinophils in blood and lungs of untreated animals was maintained in those 
which had been given ACTH. The number of eosinophils in the lunes of guinea 
pigs was too variable, however, to decide whether the incomplete and sluggish 
decrease in cireulating eosinophils which followed a single dose of Corticotropin 
was accompanied by a similar decrease of eosinophils in the peribronchial tissue. 

The 48-hour experiments on sensitized, but not reinjected, animals sug- 
vested that the decrease in circulating eosinophils which followed ACTH therapy 
was not accompanied by a comparable decrease in peribronehial eosinophils. 
The average number of eosinophils in the peribronchial tissue of sensitized 
animals after injection of 40 mg. of Corticotropin was approximately equal to 
the number found in random groups of untreated animals with varying levels 











SAMTER ET AL.: EFFECT OF ACTH ON EOSINOPHIL DISTRIBUTION 149 


of circulating eosinophils. It was significantly higher, however, than one would 
expect of a group of untreated animals with low or zero levels of circulating 
eosinophils. We feel that this phenomenon has two possible explanations. The 
eosinophils may have migrated from the circulation into the pulmonary tissues as 
a result of the administration of ACTH; or else, their disappearance from the 
blood did not imply that they disappear at the same time from the peribronchial 
tissue. We favor the last of the two interpretations. 

The discrepaney between the behavior of eosinophils in the peripheral blood 
and in the peribronchial tissue was emphasized by the results of studieson 
sensitized guinea pigs which were sensitized to ovalbumin and reinjected during 
the administration of Corticotropin. At the beginning of the experiment the 
number of circulating eosinophils in this group (Fig. 4) was, slightly, but not 
significantly, higher than the level of circulating eosinophils in the preceding 
eyoup (Fig. 3). The depression of eosinophils in the circulation after the ad- 
ministration of ACTH was somewhat more pronounced although some of the 
animals maintained a small number of eosinophils in the cireulation. After 
injection of the homologous antigen eosinophils in the circulation rose signifi- 
cantly in spite of continued ACTH therapy. A comparison between sensitized, 
but not reinjected, guinea pigs of Fig. 3 and the sensitized and reinjected guinea 
pigs of Fig. 4 makes it evident that the number of circulating eosinophils in- 
creased subsequent to the antigen-antibody reaction. It should be noted that 
the depression of circulating eosinophils after Corticotropin therapy as well as 
their recovery subsequent to the reinjeetion of ovalbumin was largely inde- 
pendent of the pretreatment level. In several instances (e.g., guinea pigs Nos. 4, 
12, and 14 in Fig. 4) guinea pigs with a relatively high initial level of eosinophils 
failed to recover eosinophils in the circulation after reinjection of the homologous 
antigen. Others with an initially low number of circulating eosinophils (e.g., 
guinea pigs Nos. 5, 7, 10, and 18 in Fig. +) showed a considerable increase in 
circulating eosinophils after reinjection of ovalbumin. 

ACTH appeared to have little effeet on the peribronchial eosinophilia 
which follows anaphylactic shock. The distribution from doubtful to abundant 
eosinophilia within this group of animals—with three or four sections showing 
an outstanding accumulation of eosinophils—corresponded to the distribution 
found in any random group of sensitized and reinjected animals. 

The behavior of eosinophils in blood and tissues of animals sensitized to oval- 
hbumin and reinjected during the administration of ACTH raises a number of 
interesting questions. If ACTH had depressed the number of eosinophils in 
the circulation, what mechanism has been active in restoring it after reinjection 
of the homologous antigen? Sinee, in several instances, a large number of 
eosinophils in the peribronchial tissue appeared to be compatible with a low 
level of circulating eosinophils (as in guinea pig No. 2 of Fig. +), it seemed 
likely that specific eosinotactie stimuli originated in peribronchial tissue which 
had been subjected to antigen-antibody reactions of the anaphylactie type. 
Kosinophils would then be subject to a dual control: (1) Nonspecifie neuro- 
hormonal regulations which account for the altered distribution following the 
administration of ACTH and adrenal cortical steroids; and (2) a specific 
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eosinotactic mechanism which is set in motion by the antigen-antibody reaction 
Of the two the latter is obviously the stronger stimulus since it can reverse the 
depression caused by the injection of Corticotropin. 


SUMMARY 


1. Guinea pigs are of limited usefulness for the study of the response of 
eosinophils to the injection of ACTH adrenal cortical stroids. 

2. One single dose of ACTH failed to produce significant changes in the 
eosinophils in blood and peribronchial tissue of guinea pigs which have been 
sensitized and reinjected with a homologous antigen. 

3. Repeated injection of ACTH in sensitized but not reinjected guinea pigs 
produced a marked depression of the peripheral eosinophil count without pro- 
portionate reduction of the number of eosinophils in the peribronchial tissue. 

4. The production of anaphylactic shock in guinea pigs whose peripheral 
eosinophil count has been depressed by the administration of ACTH caused a 
return of eosinophils into the circulation. The distribution of eosinophils in 
the peribronchial tissue of these animals is similar to the distribution found in 
shocked animals which had not received ACTH. 
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PRACTICAL VALUE AND LIMITATIONS OF RESPIRATORY 
FUNCTIONS TESTS* 


Rosert D. Berke, M.D., SopHie J. PRESLEY, M.D., JoHN R. NECHELES, M.D., 
JoHN R. Scaua, M.D., ALEXANDER Wo.r, M.D., AaNp Max Samter, M.D. 
CHIcaGo, ILL. 


ULMONARY function can be divided into two phases: (1) ventilatory, 
P sich involves the movement of air into and out of the lungs; and (2) respira- 
tory, which deals with the gaseous exchange between the alveoli and pulmonary 
circulation. 

Recent work on pulmonary function by Cournand, Motley, Comroe, and 
others has shown how mueh practical information can be gained from such 
studies. The determination of respiratory function, however, has remained, 
by and large, an experimental procedure. Measuring ventilatory function, in 
contrast to studies of gaseous exchange, is relatively simple and has been ear- 
ried out to a limited extent by many physicians, using vital capacity as a yard- 
stick of pulmonary integrity. Vital capacity, however, is a statistical meas- 
urement of limited diagnostic value unless the time factor is taken into ae- 
eount. Maximum voluntary ventilating capacity (M. V. V. C.), on the other 
hand, is a dynamic measurement which determines the maximum amount of 
air that can be moved into and out of the lungs over a given period of time, 
when the patient breathes as deeply and rapidly as possible. 

Our work deals with limited ventilatory function tests in an attempt to 
estimate their practical prognostic and diagnosie value. 


METHOD 


The apparatus used in our studies consisted of a standard Collins Respir- 
ometer, 9 liter capacity, from which the soda lime container was removed. 
Two valves directed the air flow and a two-speed continuous roll eleetrie kymo- 
graph was used. A special calibration ruler was prepared by us for rapid 
translation of the graphs into absolute figures. 

Three phases of each patient’s ventilation were measured before and after 
medication, namely: (1) minute volume—patient at rest for 30 seconds; 
(2) vital eapacity—one maximal inspiration and expiration; (3) maximum 
voluntary ventilating capacity over a period of 20 seconds.* 

The technique of the tests was essentially as deseribed by Cournand,' 
Comroe,? Gray,*® and others. 

The patient rested in a chair for 30 minutes prior to the tests. The mouth- 
piece was then inserted, nose clamp applied and the tests performed at inter- 
vals of 5 to 10 minutes in the order given above. Each patient required an 
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initial training period varying from 1 to 3 days to master the technique of 
the tests as determined by uniformity and magnitude of scores on any one day, 
These initial test scores were disearded. 

After medication the tests were repeated 30 and 60 minutes later under 
identical conditions. Placebos were used for all oral medications. The pla- 
cebos were indistinguishable from the original compound. 


SELECTION OF PATIENTS 

Tests were given to 60 patients without respiratory impairment and 18? 
patients with bronchial asthma. Of the asthmatic group 19 patients with 
seasonal bronchial asthma, 64 with perennial bronchial asthma and emphysema 
qualified for comparative studies. The seasonal group varied in age from 19 
to 51 years, the perennial group from 32 to 71 years. The ratio of women to 
men in both groups was roughly 3 to 1. The patients were observed over a 
period of 18 months. The total number of tests (measurements before and 
after medication being counted as one single test) was 842. 

Patients were classified according to the objective severity of their condi- 
tion; at the onset of each experiment they were further subdivided on the 
basis of subjective symptomatology. In order to have an index for such com- 
parison, each patient was given a diary form which was kept throughout the 
18 month study, giving full information about symptoms and medications for 
each 24 hour cycle. Only patients of comparable severity were incorporated 
in the series which illustrates the results. 

Drugs Used: 

1. Epinephrine Hydrochloride, aqueous solution 1:1000, 0.8 ¢.c. subcutaneously. Test 

period 20 minutes, 

2. Aminophyllin, 0.25 Gm. intravenously over 38-minute period. Test periods 30 and 60 
minutes. 
3. Antihistamine Drugs 
Benadryl (Diphenhydramine hydrochloride), 50 mg. orally. Test period 60 minutes. 
4. Compound preparations: 

a. Hydryllin (Searle) (Diphenhydramine 25 mg. and Aminophyllin 100 mg, in chemi- 
cal combination) 1 tablet (14 patients) and 2 tablets (16 patients) orally, Test 
period 60 minutes. 

bh. Hydryllin with Racephedrine Hydrochloride 25 mg, 1 tablet (12 patients) and 2 
tablets (12 patients) orally, Test periods 30 and 60 minutes, 

ce. Amodrine (Searle) (Aminophyllin 100 mg, racephedrine hydrochloride 25 mg. and 


phenobarbital 8 mg.) 1 tablet (22 patients) and 2 tablets (14 patients) orally. 
Test periods 30 and 60 minutes. 


oO 


. Placebos, for all of the oral medications in equivalent number of tablets. 
6. Drugs of Uncertain Action 
a. ACTH (Corticotropin, Wilson) 20 mg. intramuscularly every 6 hours for 7 days. 
Tests taken before beginning of therapy and at the height of clinical improvement. 
b. Aspirin 10 grains orally in patients screened for absence of sensitivity, Test 
period 60 minutes. 
ce. Antipyrine 1 Gm. orally. Test period 60 minutes, 
*Throughout the study volunteers from the Asthmatic Childrens Aid assisted us in: the 


conduct and interpretation of the tests. In addition, Mrs. Maurice S. Schwartz undertook 
the completion of comprehensive master charts for each of the participating patients. 
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RESULTS 

A. Pattern and Reproducibility—kEach patient is characterized by a 
definite respiratory pattern of V. C. and M. V. V. C. The pattern establishes 
the relationship between rate and depth of respiration. It is influenced by train- 
ing in degree but not in shape. Even under the coarse experimental conditions 
of the study, approximately 40 per cent of trained patients are able to reproduce 
their patterns closely and objectively. In the remaining group, the pattern 
remains recognizable even though the absolute values are not comparable. Since 
the patient’s condition varies from day to day, the absolute figure must vary. 
The pattern, on the other hand, is determined by structure as well as function, 
hence the more structural changes a patient has, the less changeable becomes his 
respiratory pattern. (Figs. 1 and 2.) The pattern alone, however, is not suffi- 
cient for adequate differentiation and must be supplemented by other methods 
of study. 


Respiration Pattern of a Patient (W.R. # 54) 
Iil with Perennial Bronchial Asthma 
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Fig. 1.—Similarity of ventilatory measurements (M.V.V.C. and V.C.) obtained over a_ period 
of six months in a patient with perennial bronchial asthma. 
The minute volumes showed such gross changes that they did not permit any 
conclusions as to the degree and type of underlying pulmonary pathology. 
B. Response to Medication. Base line graphs vary even in the trained pa- 
tient which renders the objective evaluation of drugs difficult. This is especially 
true in seasonal asthmaties who exhibit a much wider range of variation. 
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Drug action in seasonal asthmatics was compared with preseasonal; j,¢. 
normal level, a technique which was used in the evaluation of antihistamine eon. 
pounds. 


In perennial asthmatics, tests of the effectiveness of drugs can be taken only 
at stable and comparable levels of impairment. Comparative tests of drugs 
required the elimination of patients whose established respiratory patterns have 
been altered by intercurrent factors; e.g., respiratory infections. The figures 
which have been included in the paper represent groups of patients with bron. 
chia] asthma of comparable severity. 


Respiratory Pattern of Two Patients with 
Asthma of Comparable Severity 








Slow and 
deep respirations 


Se Nes 
Normal 
ECC. lung tissue 
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“ 
Rapid and shallow 
resplrations 
Emphysema 


Fig. 2.—Ventilatory tests in two patients with bronchial asthma of comparable clinical 
severity but of different origin. 








Epinephrine.—Oft all the drugs used, epinephrine produced the most con- 
sistent increase in M. V. V. C. regardless of severity of the asthma. The improve- 
ment in V. C. was less spectacular but significant (Fig. 3). 

Aminophyllin.—Aminophyllin produced marked symptomatic relief in 
approximately 80 per cent of the patients tested. An increase in M. V. V. C. and 
V. C. was present in several patients but did not correspond to the degree of 
clinical improvement (Fig. 3). 
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Benadryl.—Seven of 12 patients with seasonal bronchial asthma experienced 
subjective relief after administration of this drug; 3 of the 6 showed significant 
increase in V. C. The inerease in M. V. V. C. in the same patients was equivocal. 
Only 1 of 12 patients with perennial asthma had subjective relief and none 
showed any significant improvement on tests (Fig. 4). 

Hydryllin.—Hydryllin produced clinical improvement in a majority of the 
patients but M. V. V. C. was increased in approximately only 40 per cent 
(Fig. 5). 

Hydryllin With Racephedrine—In the same patients, Hydryllin with 
Racephedrine was less effective than Hydryllin alone (Fig. 5). 

Amodrine.—Amodrine improved the M. V. V. C. equally well in patients 
with seasonal and perennial asthma but V. C. changes were less marked (Fig. 6). 

Amodrine Placebo.—There was clinical improvement but no change in 
ventilatory capacity (Fig. 7). 

ACTH.—ACTH produced significant improvement of M. V. V. C. and/or 
V. C. in all treated patients. The improvement, however, failed to reflect accu- 
rately the degree of clinical response (Fig. 8). 

Aspirin and Antipyrine.—These drugs afforded clinical relief in several 
cases. Their effect on V. C. and M. V. V. C. was, with a few exeeptions, insig- 
nifieant (Fig. 9). 

DISCUSSION 

A. Experimental Error.—The hesitaney with which ventilatory function 
tests have been accepted as routine clinical aids is due to the large error inherent 
in the technical procedure. The error is a composite error which is due in part 
to (1) the consideration of the apparatus and (2) the variability of the patient. 

A closed circuit spirometer with a recording attachment has a great deal of 
mechanical resistance. For this reason Wright* measures maximum breathing 
capacity in an open ecireuit, which eliminates a great deal of such inertia. 
Warring® in a simple exercise test uses a Douglas bag for the determination of 
an open circuit connected with a high velocity one-way 





“walking” ventilation 
valve. In spite of these considerations the advantages of a recording spirometer 
outweighed its disadvantages for use in the office of a practicing physician. 

The literature shows a moderate disagreement about the variability of venti- 
latory measurements obtained with closed circuit spirometers. Snider, though 
able to reproduce serial determinations in the same patient within plus or minus 
8 per cent, suggests that in the evaluation of therapeutic procedures, the assump- 
tion of an error of plus or minus 20 per cent would be more realistie in view of 
the large number of uncontrollable variables in the experiment. He also empha- 
sizes the role of resistances in the cireuit as an important cause for unsatisfae- 
tory tests; removal of the soda lime chamber and of both valves, prior to the 
determination of the M. V. V. C. increases the reliability of the results. Even 
so, Comroe? states that normal values of M. V. V. C. (which he terms maximum 
breathing capacity) vary “by as much as 32 per cent according to the type of 
apparatus used and the resistance it offers to breathing.” Our own studies, 
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Fig. 4.—Comparison of ventilatory tests before and after the oral administration of benadryl 
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Fig. 6.—Response to Amodrine of ten seasonal and ten 
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Fig. 7.—Objective (M.V.V.C.) and subjective changes in ten patients with perennial bronchial 
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Fig. 8.—ffect of ACTH on V.C. and M.V.V.C. in nine patients with perennial bronchial asthma 
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of course, do not depend on “normal” values since they compare changes 
recorded in the same patient with the same equipment. Nevertheless, the re. 
sistance offered by the apparatus must be much more noticeable to a patient 
with a marked decrease in M. V. V. C. than to a normal individual; in other 
words, the same resistance would inhibit ventilation of a patient during asth- 
matie attack much more than during a symptom-free interval. 


EFFECT OF ANTIPYRINE AND ASPIRIN 
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Fig. 9.—Ventilatory tests in patients with perennial bronchial asthma following the administra- 
tion of <Antipyrine and aspirin. 


Rhinitis and bronchial asthma might be based on the same basic mecha- 
nism, i.e. an antigen antibody reaction with subsequent release of histamine or 
histamine-like substances. If such a reaction takes place in the nasal mucous 
membranes, secretion and edema might cause considerable, but local, discom- 
fort. During an attack of bronchial asthma, on the other hand, the interfer- 
ence with gaseous exchange invokes the almost immediate response of the 
chemical, physical and nervous regulations of respiration. As a rule the appre- 
hensiveness of the patient will promote ventilation in excess of his actual needs. 
Physical factors which interfere with normal ventilation should be accurately 
reflected in ventilatory function tests; chemical changes only confirm the de- 
gree of physical impairment. Nervous regulations, however, accentuated by 
the patient’s reluctance to breathe into the spirometer tube will seriously, and 
often unpredictably, alter depth and frequency of his breathing. The control 
of variations which are caused by the patient’s “attitude” toward the tests 
is largely a matter of training. Psychological steadiness and relaxed _ per- 
formance are prerequisites for valid ventilatory function tests. Unfortunately, 
a certain number of patients are unable to adapt themselves to these basic 
requirements. The records of these patients are unsuitable for comparative 
studies and have been discarded. 

The decision to consider a figure of + 20 per cent as an over-all error of 
the method has been based on the analyses of graphs of patients who were 
taught and had learned to cooperate in a satisfactory manner. 

B. Interpretation.—Oft the three measurements (a) Minute Volume (M. V.), 
(b) Vital Capacity (V. C.), (e) Maximum Voluntary Ventilating Capacity 
(M. V. V. €.), minute volume is the most variable. Patients suffering from 
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pronchial asthma are unable to relax sufficiently to obtain minute volume under 
basal conditions—interestingly enough this was true even in patients whose V. C. 
and M. V. V. C. could be closely reproduced. We are thus inclined to believe 
that the determination of minute volume in a physician’s office will provide, at 
pest, limited information about the emotional state at the beginning of the test, 
but is of no value in the estimation of the patient’s ventilatory capacity. Accord- 
ingly, we feel that the so-called “breathing reserve” which subtracts Minute 
Volume from M. V. V. C. as an index of ventilating capacity is for this very 
reason not suitable since truly basic minute volume cannot be established. 


EFFECT OF INCREASING SEVERITY OF SYMPTOMS ON VITAL CAPACITY AND MVW.V.C. 





e 
 aaneanaaanilé ©0000 009 60 Coe, « 0.%oe 


eo 
-20-47 | eVital capacity 
“3097 JOMVV.C. 











1e) 





! 
| 
| 
O 
jo Oo 
-507 ° 
-604 Asymptomotic ! 
-70-4 | 
-80- 


Moderate Asthma 


ome) 


Tightness and wheezing 
oO 


Sh_tightness 








wees Li) 








Sa ere Ss SS 
| 


gs L 
23456789 02GB 14 \ 


Serer n Saas oe es 
2345678910112 1314 2345678908126 


1 
| 


Fig. 10.—Changes in V.C. and M.V.V.C. with increasing severity of symptoms in fourteen 
patients with seasonal bronchial asthma. Preseasonal measurements used as controls. 


Vital Capacity (V. C.) is an important measurement only when expressed 
as a function of time. Bronchial and alveolar obstruction decrease vital ca- 
pacity, i.e., the volume of exchangeable air. The reduced volume might be in- 
creased by proper medication if the decrease is due to functional disorders; it 
will remain unaltered if the diminished vital capacity is due to structural im- 
pairment. Volume alone, however, is often misleading—if, for instance, a pa- 
tient has an attack of bronchial asthma caused by the constriction of a large 
bronehus his smaller bronchi, bronehioli and alveoli might be unimpaired; in 
other words, the volume of his vital capacity might remain normal in spite of 
the clinical severity of his condition. The narrowing of the bronchus, however, 
will reduce the velocity with which the normal volume of air can be exchanged ; 
unlike the steep expiratory slope of normal vital capacity, his will be delayed 
and flattened, particularly toward the end when the elastic fibers of the alveoli 
become unstretched. Accordingly, antiasthmatie medication will shorten the 
time of expiration but not add to the volume of his vital capacity. It is thus 
possible, by the determination of both volume and time of expiration meas- 
ured before and after medication, to distinguish structural from funetional 
changes with a fair amount of accuracy. 

None of the ventilatory function tests now in use are “ideal.” Of all 
available tests, Maximum Voluntary Ventilating Capacity (M. V. V. C.) follows 
more closely the clinical variability of the patient (Fig. 10). Even M. V. V, ©, 
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recorded over a period of twenty seconds does not furnish abolute values but 
is fairly uniform in the same individual. “Predicted” values are, therefore, of 
little assistance. A reduction in M. V. V. C. does not permit specific conely. 
sions about the nature of the underlying pathology. Attempts, for instance. 
to estimate the extent of structural and functional lesions from the pattern of 
the individual excursions of the graph, e.g., the so-called “trapping”’ of air, are 
misleading; they are, as a rule, caused by mechanical deficiencies of the ma- 
chine itself rather than by changes within the patient. 

Interpretation. Diagnostic and Prognostic Values.—Bronehial asthma is a 
disease of multiple lesions. It might involve bronchoconstriction and broneho.- 
obstruction, decrease of alveolar distribution, increased alveolar pressure, 
deficient exchange of gases through the alveolar membrane, and a failing pul- 
monary circulation retarded by the increased pressure on the pulmonary 
vascular bed. Clinically, the various stages of bronchial asthma are indis- 
tinguishable. Adequate analysis requires comprehensive tests which exceed 
the facilities of a physician’s office. Ventilatory funetion tests, however, can 
provide valid but limited information about the relative degree of functional 
and structural changes in a given individual. It has been our hope that the 
changes of V. C. and M. V. V. C. following medication would provide, in addi- 
tion, data of prognostie significance. 

In patients who are unable to complete the tests successfully, analysis of 
the graphs often suggests faulty technique of breathing or of the existence of 
marked emotional components complicating the elinieal picture. 

Action of Drugs.—The evaluation of the effectiveness of medication on 
allergie conditions in general, bronchial asthma in particular, is difficult. The 
difficulty is caused by the co-existence of functional and structural changes; 
this, in turn, results in a discrepancy between objective and subjective re- 
sponses. Ventilatory function tests might reflect one of five possible reactions: 
(1) A drug might be effective; the patient’s response adequate. (2) A drug 
might be effective; the patient unable to respond. (3) A drug might be effec- 
tive, the patient’s response adequate, but not reflected in ventilatory funetion 
tests. (4) A drug might be devoid of active ingredients (placebo); the pa- 
tient does not respond. (5) A drug such as placebo might be theoretically 
ineffective; the patient responds. 

Only patients with bronchial asthma of comparable etiology and degree 
can participate in drug tests. We have tried to classify our patients by long- 
term observation (18 months) with the help of a diary, kept in detail for each 
twenty-four-hour ecyele. Each patient recorded the number and severity of 
his attacks and the medication required to relieve them. 

Of all the drugs which we have used epinephrine produced the most con- 
sistent and the most significant changes in ventilatory function tests. Con- 
siderable attention has been focused on epinephrine in recent years because 
of its dual effect on sympathetic end organs and pituitary-adrenal mechanisms. 
As a rule, every patient with bronchial asthma should respond to epinephrine 
since epinephrine relieves: the attaek by local action and by way of the pitui- 
tary-adrenal axis. Increasing evidence suggests that epinephrine-fastness is 
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caused by local factors not by hormonal deficiency. Epinephrine is not with- 
out hazards, however, since the sympathetic rebound evident on the ‘nasal 
mucous membrane after continuous administration of local vasoconstrictors 
may be assumed to occur in the bronchial tree after continuous administration 
of the drug. 

The effect of aminophyllin on ventilatory function tests is rather puzzling. 
In the average (not epinephrine-fast) patient with perennial bronchial asthma, 
elinieal improvement following intravenous injection of aminophyllin exceeds, 
asa rule, that obtained by subcutaneous administration of epinephrine. Ven- 
tilatory function tests, however, may show little, if any, change after amino- 
phyllin therapy. Our results raise the interesting question: in which manner 
does aminophyllin improve bronchial asthma in man? Segal’ in his protee- 
tion studies found that aminophyllin given by vein or by rectum prevented 
histamine-induced depression of ventilatory capacity, while aminophyllin 
civen intramuscularly or by mouth failed to afford such protection. It is 
doubtful, however, that Segal’s induced attacks of bronchoeconstrietion are 
comparable to the clinical syndrome of bronchial asthma. 

Our studies on the changes in ventilatory function following administra- 
tion of antihistamine drugs confirm the findings of others that antihistamine 
drugs are effective in seasonal, but ineffective in chronic perennial, bronchial 
asthma. If both seasonal and perennial bronchial asthma are mediated by 
histamine release, this fact is hard to explain. Recently, Segal suggested that 
antihistamine drugs taken by mouth are inactivated by the liver and thus not 
sufficient to protect patients with bronchial asthma; that, on the other hand, 
a large amount given intravenously is effective even in patients with severe 
perennial symptoms. We have had no experiences of our own in this respect. 

“Multi-purpose” drugs are probably the most frequently prescribed medi- 
cations in the treatment of bronchial asthma. It is beyond the scope of venti- 
latory function tests to evaluate the relative effectiveness of their components, 
usually aminophy!lin, ephedrine and phenobarbital. We suspect that the im- 
provement of the ventilating capacity in our patients after administration of 
amodrine is essentially due to the ephedrine component. Unfortunately, our 
results with other combinations, such as Hydryllin, and Hydryllin with 
racephedrin, are equivoeal. For unexplainable reasons, Hydryllin in our pa- 
tients had a more marked effect on ventilatory function than Ilydryllin eom- 
bined with racephedrine. 

The results of our studies on the effect of placebo on ventilatory function 
tests were intriguing. Placebos were used for all oral medication. Most of 
the placebos were prepared for us by the manufacturers to be indistinguishable 
from the original compound. Amodrine, for instance, has a characteristic 
shape and color; amodrine placebo prepared for us by G. D. Searle & ‘o. was 
used extensively in these studies. Amodrine improved the ventilatory ea- 
pacity in eight out of ten patients. Amodrine placebo improved the clinical 
condition of these patients to a comparable degree without any change in 
ventilatory capacity. If, however, a tablet of different shape or color was 
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given, the effect on the subjective improvement was, as a rule, negligible. 
One must ask then whether changes which are caused by placebo—in the ab. 
sence of objective changes—are really only psychological, particularly since 
our experience with aminophyllin has convinced us that a marked Clinical jm. 
provement ean be attained without corresponding change in ventilation. Other 
findings seem to emphasize this apparent incongruity. Aspirin and antipyrine, 
though unable to affect the ventilatory pattern, afford relief to a significant 
percentage of patients, and the administration of ACTH shows the most 
marked discrepancy between clinical improvement and improvement in ventila- 
tory function. One can not but conclude that some of these compounds aet on 
structures of the lung, possibly connective tissue, the response of which cannot 
be gauged with our present methods of measurement. 


SUMMARY 


1. Ventilatory function tests under office conditions provide useful infor- 
mation on functional and structural changes of the patient with bronchial 
asthma. Of these, vital capacity, expressed as a function of time and maximum 
voluntary ventilating capacity are dynamic measurements which are superior 
to the static measurement of vital capacity alone. Maximum voluntary ven- 
tilating capacity reflects most closely the clinical condition of the patient. 

2. Ventilatory function tests cannot be used for experimental purposes, 
e.g., the comparison of effects of drugs, unless carried out under rigid experi- 
mental conditions which are, as a rule, beyond the scope of ordinary office 
routine. 

We are very much indebted to Dr, G, L. Snider, Director of the Chest Clinic at Michael 
Reese Hospital, for his advice and his constructive criticism during the preparation of this 


paper. 
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MIXED GRASS POLLEN VS. PURE TIMOTHY EXTRACT IN 
UNCONTROLLED SUMMER HAY FEVER PATIENTS 


LouIS STERNBERG, M.D. 
NEw York, N. Y. 


INCE timothy is the most important member of the grass family in eastern 

United States, most allergists have simplified their diagnostic and ther- 
apeutic approach by using its pollen on all grass-sensitive patients. This pro- 
cedure has been followed for many years, because timothy and all the various 
other grasses such as June, Bermuda, Orchard, Sweet Vernal, and Red Top 
react similarly in hay fever patients. Their pollens look alike, and are not 
distinguishable from one another. 

In the New York region and practically all along the eastern seaboard 
of the United States there are possibly a dozen grasses that are important 
pollen producers, but the most common are those mentioned above. Timothy 
is the most extensively cultivated grass, and exceeds all the others combined, 
hence its common use by most physicians doing allergy. June grass is a very 
important pasture grass, but Orchard grass now is extensively grown for pas- 
ture and hay. Bermuda grass is found practically all over the U.S.A. Red 
Top also is useful both for hay and pasture, and is widely distributed in this 
area. Sweet Vernal grass is grown quite profusely east of the Mississippi 
River, and with Low Spear is the most important of all the lawn grasses. They 
are also the first of all the common grasses to pollinate, and begin to throw 
pollen in the air about the third week in May. These individual grasses 
pollinate for about 6 to 8 weeks, and usually overlap one another. Contrary 
to the general opinion that the grass season is short, we see patients having 
hay fever for about two months. Some suffer a good deal in May, others all 
through the month of June, and still others for the first two weeks in July. 
On and off one may have symptoms during all of the grass season. 

Scheppegrell’ many years ago observed the similarity of reactions of the 
various species of grass pollen. VanderVeer found that one could treat a 
patient with pollen extract of one species of grass, and protect him against all 
the rest of the grass family. Sinee there are about a dozen common grasses in 
this area, this was quite a saving in time and energy for the physician treat- 
ing summer hay fever or asthma patients. Tuft® claimed these grasses to 
possess a common antigenic relationship, and therefore used timothy both for 
diagnosis and treatment. Urbach* states that the various pollens from all the 
grasses to be morphologically indistinguishable, differing in size only, and 
therefore also used timothy extract both for diagnosis and treatment. Chabot® 
by means of passive transfer tests (Prausnitz and Kiistner reaction) with the 
sera of ten patients apparently proved the identity of antigens in Ber- 
muda grass and timothy. However, Watson, and Kibler® found that hay fever 
patients in the western states where timothy does not grow, do not give posi- 
tive skin reactions to timothy pollen. Piness’ obtained poor results in fifteen 
patients treated with timothy extract. These were grass-sensitive patients who 
gave positive skin reactions to Orchard grass and Red Top, and negative re- 
actions to timothy. Piness and Miller® believe that every member of the grass 
family possesses a specific antigen, which is, however, related to a certain 
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extent to allergens of every other member of the same family. Coca and 
Grove® were not sure that allergens of one member of the grass family ¢op. 
tained the same allergen or antigen as the other members of the same family, 

I was in accord with the majority opinion of these men for many years. 
and have also tested and treated my grass-sensitive patients with a pure tim. 
othy extract. Most of them did well on this simple regime. However, about 
20 per cent did not do so well during the grass-pollinating season. These cases 
were problems therefore for many years, especially before the antihistaminie 
drugs appeared. 

About fourteen years ago one of these patients came into my office, He 
was very miserable, since he was a schoolteacher and his pupils imitated his 
sneezing and kept the class in a constant uproar. In my quandary to give him 
some relief, | picked up a vial of a year old mixed grass pollen extract, and 
gave him 10,000 units instead of the 10,000 timothy that he received two weeks 
previously. The mixture contained equal parts of the six grasses (Timothy, 
Orchard, June, Bermuda, Red Top and Sweet Vernal) mentioned above. He 
never had any constitutional reactions before. This time, however, he de- 
veloped a most violent attack of sneezing and coughing within ten minutes 
after the injection. He was relieved with adrenalin, and I began to wonder 
whether or not I missed something by treating him with pure timothy for a 
number of years and not the mixed grasses. I treated him therefore the next 
year with a mixture of the grasses, and he had a very comfortable season, ] 
also began to treat all other grass-sensitive patients who were not doing well 
under timothy with a mixture of the grasses. Fifty such patients have been 
slowly collected as they appeared over a period of fourteen years. Many were 
also sensitive to tree, plantain, sorrel, and ragweed pollen and were treated 
with the indicated additional pollens. A few gave positive skin reactions to 
molds; however, treatment with the reacting mold extracts did not give them 
any added comfort. 

Thirty-six patients of the fifty studied had less hay fever when treated 
with the mixture of grasses than with the pure timothy extract in previous 
years, and seven claimed no hay fever at all during the grass pollen season. 
One patient who complained of a troublesome cough in addition to his sneez- 
ing felt much better, another with attacks of pollen asthma was completely 
relieved. 

The fifty patients have been skin tested with the individual grass ex- 
tracts of the same (protein nitrogen) strength, and we found their reactions 
far from uniform. Many of them reacted more markedly to one or another 
of the individual grasses than to the timothy extract. 

During these years thirty-two patients (including the schoolteacher) have 
been changed from pure timothy to the grass mixture extract and twelve more 
had constitutional reactions. These reactions occurred during and after the 
grass season in patients under perennial or seasonal treatment and the change 
was always from timothy to the grass mixture using the same protein nitrogen 
unit strength. These were patients on a maintenance dose, who were not 
highly sensitive and were taking at. least 5,000 p.n. units of extract. In pre- 
vious years they had not developed any constitutional symptoms following 
treatment with an extract of timothy alone. 
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SKIN REACTIONS OF 9 PATIENTS. TO THE 6 GRASSES IN 100 P.N. (CooKE) Unit DILUTION 





a | ORCHARD | | BERMUDA 
| GRASS | JUNE GRASS GRASS SWEET V. RED TOP TIMOTHY 

aces Mod. Mkd. Mod. Mod. Sl. Mod. 
EG Mod. Mod. Mod. Sl. Mod. Sl. 
P. K. Mod. Mod. Mkd. Sl. Mod. Mod. 
Ss. G.* SI. Mod. Mod. Mkd. Mkd. Mod. 
M. F. Mkd. Sl. Mod. Mod. Mod. Mod. 
H. M. Mkd. Sl. Mod. Mkd. Mkd. SI. 
See Sl. Mkd. Mod. Mod. Sl. Mod. 
Ss. T.* Mkd. Mkd. Mod. Mkd. Mkd. Sl. 
J. RB. Mod. Sl. Mkd. Mod. Mkd. Sl. 


Three of the above cases (*) developed constitutional symptoms when the mixed grass 
extract was substituted for timothy. 


COMMENT 

It appears trom the above observations that besides a common antigen in 
all the grasses, there are also other factors in the mixture which are absent 
from the pure timothy extract. The thirteen constitutional reactions would 
not have taken place, had the mixture contained the identical antigenic fae- 
tors that were present in the pure timothy extract. 

The variation in skin reactions with the different grass extracts in this 
eroup of patients is another point in favor of specifie antigens in these grasses, 
that are apparently absent in the pure timothy extract. 

Finally, better clinical results were obtained in 56 cases of the group of 
50 when the mixture of grasses was used in their prophylactic treatment in- 
stead of the pure timothy extract. It all adds up to the probability of specific 
factors in the mixture which are absent from timothy pollen extract. 

While the number of patients treated in this investigation is not 
impressive, the results were. Further study is continuing to determine which 
of these grasses in the mixture has an antigen not possessed by timothy. 


SUMMARY 

1. Of fifty summer hay fever patients who were doing poorly on pure 
timothy extraet, thirty-six reported better results when treated with a mixture 
of the grasses. 

2. Thirty-two eases of this group who were not highly sensitive and who 
had reached their maintenance dose were changed from timothy to a mixture 
of the grasses. Thirteen developed constitutional symptoms when given the 
same quantity of the mixed grass pollen extract. 

3. Nine patients in our series gave more marked skin reactions to some of 
the individual grasses than to timothy when tested with the same unit strength. 

4. There is evidence, therefore, that the grass mixture contains specific 
antigenic factors which are absent in the pure timothy extract. 

>). Patients not doing well on pure timothy pollen extract should, there- 
fore, receive a mixture of the common grasses, or-an extract of mixed grasses 
should be routinely used. 
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INTERRELATION OF THE VARIABLE FACTORS ASSOCIATED 
WITH SLIDE COUNTS OF HORMODENDRUM SPORES 


A. M. Tarcow, Pu.D., M.D. 
Los ANGELES, CALIF. 


HE initial report of the Subcommittee on Mold Survey of the American 

Academy of Allergy for 1949 showed a rather poor correlation between 
slide counts and plate counts for both Alternaria and Hormodendrum. While 
the reasons for this are not obvious for the time being in the case of Alternaria, 
some of the discrepancy in the case of Hormodendrum may lie in the well- 
known tendency of the spores to occur in groups or clumps as well as singly, 
and in the great variability not only in the size of the single spores but also 
in the degree of clumping. 

Krom the data submitted by the various participants in the survey it 
would appear that in the absence of a standardized method of procedure some 
counted all spores regardless of clumping whereas others counted all clumps 
as single spores. 

As Durham! has pointed out, the counts of individual spores in clumps do 
not have the same significance as the counts of particles that usually fall 
singly like Alternaria. Nevertheless to count all spores regardless of clumping 
does give some measure of atmospheric incidence, and this method was chosen 
by Durham as the most satisfactory procedure for his country-wide survey 
of Hormodendrum incidence. For his purpose, which was to obtain com- 
parative data based on slide counts only, this was unquestionably an adequate 
procedure. 

The Subcommittee, however, is faced with the problem of making cor- 
relations between slide counts and plate counts. For this purpose, to count 
clumps as single spores must be considered a priori as establishing a more 
valid parallelism between the two different techniques of exposure, since no 
matter how many spores there may be in a clump, each clump produces but a 
single colony. That this a priori consideration is correct has been recently 
demonstrated by a survey” in the Los Angeles area wherein good correlation 
between slide counts and plate counts was obtained by counting each clump 
as a single spore. 

However, before this method of counting can be adopted as a standard 
procedure in the hope of improving the situation pointed out above, the ques- 
tion must be settled as to whether the method can properly be used to sup- 
plant the method of counting all spores, regardless of clumping, for the direct 
comparison of slide count data from different areas. The answer to the ques- 
tion can be provided only by a study in these different areas of the relation- 
ship of the number of single spores to the number of clumps and of the fre- 
queney distribution of clumps of different sizes. The tacit assumption that the 
interrelation of these variables is everywhere the same may not be true. 

From the Division of Allergy, Department of Medicine, University of Southern California 
School of Medicine, Los Angeles, Calif. 
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Fig. 1.—Monthly slide counts of Hormodendrum spores, Los Angeles, 1950. 
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This paper provides data on these variable factors in the Los Angeles 
area gathered from slides exposed during the year 1950. All counts apply to 
an area of two square centimeters. 

RESULTS 

Table | shows that clumps were almost as numerous as single spores dur- 
ing most of the year and in fact exceeded the number of single spores at the 
height of Hormodendrum incidence in October, November and December.* 
(For the purpose of this paper, any grouping of two or more spores is called 
a clump; two-celled spores can be differentiated from a coupling of 2 separate 
cells and are called single spores. ) 

Table Il gives the distribution of the counts of the individual clumps. 
Figures in parentheses reveal the number of times that clumps of each par- 
ticular size were encountered each month. The annual total for eaéh size 
of clump is given only for groupings of ten or less. It ean be seen that the fre- 
quency of appearance of each size of clump is inversely proportional to the 
size, i.e., groupings of two are the most numerous, then clumps of three, ete. 
It can also be seen that except for the fall months the majority of the aggre- 
gates did not exceed a total of six or seven per clump, so that in this area 
clumps totaling more than ten to a group could be ignored without obtaining 
undue distortion of the general pattern of atmospheric incidence. 

The data for October, November, and December demonstrate that at the 
height of the season there takes place, in addition to an increase in the num- 
ber of single spores and clumps of low magnitude, a generalized increase in 
aggregates of all sizes to a degree such that the ratio of clumped spores to 
single spores (see Table 1) becomes 18:1 for this three-month period (and even 
greater during the month of November or December from the present data). 
This is in contrast to the ratio of 3:1 which prevails for the remaining months 
of the year and results in raising the ratio on an annual total basis to 7:1. 

Table I shows also that there is a four- or fivefold difference in the annual 
total count which may be obtained depending on whether one counts all 
clumps as single spores (1524) or counts all spores regardless of clumping 
(6066). A similar if not greater spread may be expected to occur in other 
areas on a monthly, seasonal, or annual basis. In a goodly number of instanees 
it may also be expected that the Alternaria slide counts over the same period 
of time will fall somewhere between the two different values which may be 
obtained for Hormodendrum counts by the two different methods of counting. 
As has previously been pointed out,? it is the method of counting that will 
therefore determine whether one will conclude, on the basis of slide counts 
alone, that Hormodendrum particles are more prevalent or less prevalent in 
the air than Alternaria particles. 

Fig. 1 illustrates the data of Table I. It is clear that any inerease or de- 
crease in any one of the variables (namely, the number of single spores, the 





; *Harsh® states that in San Diego clumps constitute about 20 per cent of the total count 
and the average number of spores per clump is about 30. Since no further particulars other 
perry — statement are given by him, it is not possible to compare the data of this paper 
with his. 
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number of individual clumps, and the number of spores within the clumps) is 
paralleled by similar changes in the other two. Any one of these variables 
could therefore be selected to serve in itself as a good index of Hormodendrum 
incidence in this area. 

SUMMARY AND CONCLUSIONS 


In making routine Hormodendrum slide counts, three variable factors 
are encountered which are susceptible of determination: the number of single 
spores, the number of individual clumps, and the number of spores within 
each clump. The latter information enables one to ascertain the frequency 
distribution of clumps of different sizes. 

In the Los Angeles area, the frequency with which each size of clump ap- 
pears is inversely proportional to the size of the clump. The number of 
clumps encountered annually is almost as great as the number of single spores 
during most of the year, and exceeds the number of single spores at the peak of 
Hormodendrum incidence due to the fact that at this time there takes place a 
generalized increase in the number ot aggregates of all sizes to a degree 
greater than that of individual spores. Clumps containing more than ten 
spores are so distinctly in the minority at all times in this area that they could 
safely be ignored without affecting the end results of any method of counting. 

Any increase or decrease in any one of the variables mentioned above is 
paralleled by similar changes in the other two. The method of counting each 
clump as a single spore therefore furnishes as reliable an index of Hormo- 
dendrum incidence in this area as the method of counting all spores within 
the clumps and has these added advantages in its favor: first, of saving time 
otherwise lost in counting all spores; and second, on theoretic grounds, of pro- 
viding better correlation between slide counts and plate counts where both 
techniques of exposure are used. 

That good correlation is obtainable by this method has already been dem- 
onstrated in a survey from this area.? If similar results can be demonstrated 
elsewhere the method can be adopted as a standard procedure by the Sub- 
committee. In any event the reporting from different areas of the variables 
forming the subject of this paper should provide a basis for adopting a stand- 
ard procedure. 
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THE EFFECT OF TRYPAN BLUE ON SUSCEPTIBILITY TO 
HISTAMINE 


G. L. ROHDENBURG AND LAURENCE FARMER 
New York, N. Y. 


N A previous paper’ it was reported that cardiovascular lesions were in- 
duced by the injection of histamine, a naturally occurring constituent of the 
organism which, in current opinion, is one of the products released through 
anaphylactic antigen-antibody interaction.” * These lesions were reversible 
and it was believed that this was due to the gradual establishment of lessened 
susceptibility of the animals to histamine. 
The present paper reports on more extensive and nonreversible lesions 
induced by histamine by a technique which apparently renders the experimental 
animals more susceptible to the drug. 


EXPERIMENTAL 


Control Experiments—There were two control groups, one in which his- 
tamine and a second in which trypan blue was given. 

Histamine Experiments (Rabbits and Guinea Pigs).—Nine rabbits with 
an averaged weight of 2 kilograms were given daily intraperitoneal injections 
of 50 mg. of histamine acid phosphate dissolved in 10 ml. of distilled water. 
One anima) received two injections, seven animals received 20 injections, and 
one received 25 injections. <All rabbits were sacrificed 24 hours after the last 
injection. Upon autopsy and microscopi¢ examination no lesions other than 
those described in our first paper were observed. 

Ten guinea pigs weighing on an average 200 grams were given daily intra- 
peritoneal injections of 1.5 mg. of histamine acid phosphate dissolved in 5 ml. 
of distilled water. One guinea pig was given two injections, eight twenty 
injections, and one guinea pig 31 injections. All animals were sacrificed 24 
hours after the last injection. The gross and microscopic lesions were the 
same as those described in our first report.’ 

Trypan Blue Experiments.—Six rabbits averaging 2 kilograms in weight 
were given twenty daily subeutaneous injections of 3 ml. of a 1 per cent 
aqueous solution of the dye trypan blue and were sacrificed 24 hours after the 
last injection. With the exception of deposits of the dye in the reticulo-endo- 
thelial system neither gross nor microscopic pathological changes were ob- 
served. 

Experiments With Trypan Blue and Histamine.—Twenty-seven rabbits 
with an averaged weight of 2 kilograms received at daily intervals three sub- 
cutaneous injections of 3 ml. of the same dye solution as used in the controls. 
After the third injection of the dye histamine acid phosphate in daily dosage 
of 50 mg. (dissolved in 10 ml. of distilled water) was also given daily either 
just before or after the subcutaneous injection of the dye. Two animals died 


From the Achelis Laboratory, Lenox Hill Hospital, N. Y. C. (under a Grant from the 
Wendell Willkie Memorial Fund). 
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Fig. : 





Fig. 4. 


Fig. 1.—Vacuolization of the conduction bundle. (xX 200.) 

Fig. 2.—Myocardial necrosis without inflammatory cell exudate. (x 200.) 
Fig. 3.—Edema of myocardium in guinea pig. (X200.) 

Fig. 4.—Necrosis of coronary wall with thrombus. (xX 200.) 
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within 24 hours after the first injection, four within 24 hours after the fifth 
injection, 11 within 24 hours after the sixth injection, and one within 24 hours 
after the tenth injection. The remaining nine animals also received ten jp. 
jections and died at varying intervals up to the fifteenth day after the first 
injection. 

At autopsy five of the animals showed a gross pericarditis either with or 
without fluid. Four had fluid in one or both chest cavities, and one had a 
gastric uleer. The microscopic lesions will be considered with those observed 
in guinea pigs. 
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Fig. 5.—Arteritis of coronary with intimal proliferation. €3¢300.) 


ifteen guinea pigs weighing on an average 250 grams were given three 
daily subeutaneous injections of 3 ml. of a 1 per cent solution of trypan blue. 
On the fourth day intraperitoneal injections of 1.5 mg. of histamine acid 
phosphate dissolved in 3 ml. of distilled water were started, the dye injec- 
tions being continued. All of the animals died before the eighteenth day of 
the experiment; three within 24 hours after the fourth injection, five between 
the fifth and tenth injections, and seven between the tenth and seventeenth 
injections. 

Gross examination at autopsy showed gastri¢ ulcers in five of the pigs. 
The pericardial changes seen in the rabbits were not observed in the guinea 
pigs. 

In the dye-histamine groups it was evident after the first histamine in- 
jections that the animals were more sensitive to the drug than the controls, 
although the elassieal picture of histamine shock was not observed. Several 
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of the rabbits injected with dye and histamine suddenly developed dyspnea 
several hours after the injection, became unconscious and died. A few recov- 
ered after such an attack. 

Microscopie examination of the organs of the animals in both groups 
showed histological changes similar to those previously described’ with the 
exception that intravenous proliferations were not present probably because 
the animals did not survive long enough. In both rabbits and guinea pigs 
areas of necrosis in all three coats of the aorta, in the visceral pericardium, 
and occasionally in the larger branches of the coronaries were observed. 

The striking lesions occurred in the myocardium. In the guinea pig 
there were extensive areas of myocardial edema which might or might not 
be surrounded by inflammatory cells. In four of the guinea pigs almost the 
entire conduction system bundle was vacuolated, the lesion extending into the 
papillary muscles. In rabbits the areas of edema were not as frequent and 
were of smaller diameter. 

In the rabbits extensive necrosis of the muscle was the dominant lesion 
in all but one of the animals. The necrosis might involve a few fibers or as 
in one instance completely encircle the wall of the left ventricle as a band 
about three mm. in width. The left ventricle was most often involved. In 
none of the animals could occlusion of the vascular supply be demonstrated, 
patent vessels frequently being observed passing through areas of necrosis. 
Several areas were observed in which healing was oceurring. The neecroti¢ 
material was liquefied, phagocytic cells were present and connective tissue 
fibers were invading the area. 

With the idea of noting the effect of atherosclerosis upon the toxicity 
of histamine a final group of ten rabbits was placed upon a diet consisting of 
200 Gm. of rabbit pellets (a commercial, balanced food), 2 Gm. of cholesterol, 
and ten ml. of Sorethyvtan—20 monooleate (Tween 80, Atlas Powder Co.). 
The animals were kept on this diet for twelve weeks. The initial blood choles- 
terol values were 78, 57, 133, 116, 69, 71, 52, 50, 70, and 65 mg. per 100 milli- 
liters while after twelve weeks of the diet they were 875, 523, 920, 620, 960, 
1110, 875, 890, 670, and 980. After twelve weeks of the diet, daily intra- 
peritoneal injections of 50 mg. of histamine phosphate were given for a period 
of twenty-one days. During the period of histamine injections the diet was 
continued, At the end of the period all of the ten animals were sacrificed. No 
gross changes were noted in the organs. Upon microscopic examination the 
typical lipid selerotie changes were observed particularly in the larger blood 
vessels but none of the lesions previously found after histamine injections 
could be demonstrated except in one animal where there were a few areas of 
inflammatory cell exudate in the myocardium. 

CONCLUSIONS 

While in certain dosage histamine induces lesions which are located in the 

endothelial lining of the heart and blood vessels, these lesions heal spon- 


taneously with restitution to the normal. Under other conditions of dosage 
the drug induces more extensive damage particularly in the myocardium 
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which, while it may heal by sear formation, does not result in restitution to 
the normal. In a majority of the experimental animals death resulted before 
healing had taken place. The vital dye trypan blue increases the susceptibility 
to the toxie action of histamine. If hypercholesterinemia does anything 
it reduces the susceptibility of the tissues to the toxic action of the histamine. 
It should not be assumed that either the dye or cholesterol has a similar 
effeet upon histamine shock. 
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REACTIONS FOLLOWING THE USE OF TERRAMYCIN TROCHES: 
A CONTROLLED STUDY 


Austin H. Kutscuer, B.A., D.D.S., Jack Bupowsky, D.D.S., STANLEY L. LANE, 
M.D., D.D.S., AND NEAL W. CuiLton, B.Sc., D.D.S., M.P.H. 
New York, N. Y. 


HERE is apparent from the literature an increasing awareness of the loeal 

and general side effects observed during topical and systemie antibacterial 
therapy.'"'? Kutscher has reviewed the literature in detail concerning the oral 
reactions to antibiotic and sulfonamide therapy." 

Reports on systemic terramycin therapy indicate that its administration is 
accompanied by reactions of varying types and severity associated chiefly with 
the oropharyngeal region and the gastrointestinal tract.*: * 11° However, con- 
sidering the severity of the diseases under treatment and their response to 
systemic terramycin, the reported reactions have not usually been of sufficient 
importance to be considered a detriment to therapy. The topical application of 
terramycin in troches introduces the factor of prolonged contact of the drug with 
the oral mucosa. The side actions thus encountered should be weighed against 
the severity of the oral infection which requires specific treatment with topical 
terramyein. 

This study was undertaken to: (1) study and evaluate the reactions re- 
sulting from oral terramyein troche therapy; (2) attempt treatment of the 
reactions resulting from terramycin troche medication, the therapy to be based 
upon the possible causes of the reactions'®; (3) inquire into the possibility of 
chemotherapeutic prophylaxis against such reactions; and (4) determine the 
occurrence of systemic sensitization from topical terramyein medication. 


METHODS 


Two hundred eighteen subjects (98 men and 120 women), aged 10 to 
60 vears, were studied. 

Group 1 was composed of 37 normal volunteer subjects comprising the 
entire second vear class of a dental school. Four troches per day, each contain- 
ing 15 me. terramyein hydrochloride, were administered to each subject until 
ten troches had been allowed to dissolve completely in the mouth. Two weeks 
following the course of terramyein troche medication each subject in this group 
was scratch tested for terramycin sensitivity. 

Group 2 was composed of 66 patients who were treated for varying oral 
disorders* with identical 15 mg. terramyecin troches, five troches per day for 
four days. Each patient was observed for untoward reactions. 


From the Divisions of Research (Hannah and Harry Posner Research Laboratory), 
Diagnosis, and Oral Surgery of the School of Dental and Oral Surgery of the Faculty of 
Medicine, Columbia University, New York, New York. 

Terramycin hydrochloride troches and placebos for this study were supplied through the 
courtesy of Dr. W. Alan Wright of Chas. Pfizer and Cc., Brooklyn, New York. 

This study was supported in part by a grant-in-aid from the Ciba Pharmaceutical Co., 
Summit, New Jersey. 

*Reports concerning the therapeutic effect of terramycin troches upon oral disease, the 
effect of terramycin troches on the oral lactobacillus count, and upon the oral flora when 
viewed by dark field are to be published separately. 
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Group 3 was composed of 25 patients, similar to those in Group 2. In this 
group, however, each patient ingested 2 Vifort* capsules (multi-vitamin, high 
poteney) and 10 yng. vitamin B,.t before sucking each terramycin troche. 

Group 4 was composed of 15 patients similar to those in Group 2. Pyri- 
benzamine hydrochloride,t 50 mg. three times a day, was administered to each 
patient during the period of terramycin troche medication. 

Group 5, the control group, was composed of 75 patients similar to those in 
Groups 2 and 3. This group was treated exactly as Group 2 except that placebo 
troches were administered, 5 placebo troches per day for four days. In the 
placebo troches, which were identical in appearance with the medicated troches, 
inert filler replaced the active ingredient terramycin. Twenty-five of these pa- 
tients ingested two Vifort capsules and 10 pg. vitamin B,. before dissolving 
each placebo troche in the mouth. 

A eareful history concerning their previous experiences with antibacterial 
agents, their reactions to previous antibiotic therapy, drug sensitivities, and 
other allergies was obtained from each patient in all five groups. The oral 
mucosa of each patient was examined carefully so as to be able to note any 
change from the initial oral picture. After the completion of therapy, each 
patient was specifically questioned concerning the type and severity of reactions 
manifested. 

Following the appearance of a reaction to terramycin troche medication, 
treatment of the resulting lesions was attempted.'* A 0.01 per cent solution 
of BradosolS was administered (when oral reactions were observed) as a mouth 
wash 8 times a day to combat possible oral monilial overgrowth. Pyribenzamine 
was administered 50 mg. three times per day as treatment for possibly allergic 
phenomena. Vifort capsules and vitamin B,. were each administered four per 
day to restore depleted tissue stores of vitamins. 


RESULTS 


The incidence and types of reactions observed during or after terramyein 
troche and control therapy are detailed in Table I. A summary of the severity 
of reactions of each group appears in Table II. The effect of using multi-vitamin 
therapy with vitamin B,,, Bradosol, and Pyribenzamine in the prophylaxis of 
reactions to terramycin troches also appears in Table II. 








Long Island, N 

Each Vifort capsule contains: vitamin A—5000 USP Units; vitamin D—500 USP units; 
Ascorbic acid (C)—60 mg.; Thiamine Monocitrate (B:1)—3 mg.; Nicotinamide—20 mg.; Calcium 
Pantothenate—5 mg.; Pyridoxine hydrochloride—0.3 mg.; and Tocopherol—2 mg.; Riboflavin 
(water soluble)—2 mg. 

7Vitamin Biz was supplied through the courtesy of Mr. B. R. Fullerton of the Sherman 
Laboratories, Detroit, Mich. 

tPyribenzamine hydrochloride (brand of Tripelenamine Hydrochloride, USP) and 
Bradosol for this study were supplied through the courtesy of. Dr. C. H. Sullivan of the Ciba 
Pharmaceutical Co., Summit, N. J. 

§Bradosol as used in this study is a .01 per cent solution of a quaternary ammonium 
salt of definite composition (phenoxy-ethyl-dimethyl-dodecyl-ammonium bromide) which has 
bactericidal, bacteriostatic, and detergent properties. The following data on the activity of 
3radosol against monilia albicans have been supplied by Ciba Pharmaceutical Products, Inc.: 
Test organisms were inoculated into suitable culture media and held at 37° C. for 24 hours. 
The highest dilution of Bradosol capable of completely inhibiting growth of monilia albicans 
was 1:96,000. In the course of the’ similar administration of Bradosol as a mouthwash to 
50 normal individuals no evidence of any type of reaction was observed. 


*Vifort was supplied through the courtesy of Dr. Samuel Gordon of Endo Products Inc., 
ae 
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Reactions to terramyein troches were observed in 76 (53.2 per cent) of the 
143 patients treated. These 76 patients reported a total of 200 reactions dis. 
tributed among 24 symptoms. Reactions necessitating discontinuation of 
therapy occurred in 21 (14.7 per cent) patients. Moderate reactions were 
noted in 23 (16.1 per cent). Slight reactions were recorded in 32 (22.4 per 
cent) of the cases. Delayed gastrointestinal reactions appeared in 26 eases 
1 to + days after cessation of therapy. 


TABLE II. Errecr or PROPHYLAXIS Upon REACTIONS FROM 'TERRAMYCIN TROCHES 





| | TYPE OF REACTION | ne 

| TOTAL 

GROUP PROPHY. AGENT | NONE SLIGHT MODERATE SEVERE CASES 
land 2 none 47 (45.6%) 24 (23.3%) 15 (14.6%) 17 (16.5%) 103 (100%) 
3 Vit. B complex 11 (44.0% ) 6 (24.0%) 5 (20.0%) 3 (12.0%) 25 (100%) 

with B,. 

4 Pyribenzamine 9 (60.0%) 2 (13.3%) 3 (20.0%) 1( 6.7%) 15 (100%) 
_ Total 67 (46.8%) 32 (22.4%) 23 (16.1%) 21 (14.7%) 148 (100%) 


Of the 75 patients receiving control troches, 8 (10.7 per cent) reported 
reactions, none oral or pharyngeal. Of these, one complained of a severe reac- 
tion while the remainder had only slight complaints. 

Seratch tests to terramyein performed two weeks following terramyein 
troche medication were negative in all of the 37 subjects tested. Reactions had 
previously been observed during or after the terramyein troche medication in 
a large percentage of these subjects. 

No significant differences in the type of reactions were noted among the 
various groups receiving terramyein troches (in Table II, chi-squared = 3.08 
with 6 degrees of freedom).'* It would therefore appear that neither vitamin 
B complex therapy nor Pyribenzamine acted as efficient prophylactic agents 
against these reactions. 





Of the agents (Bradosol, multi-vitamin therapy, and Pyribenzamine) used 
in treating the oral reactions whieh occurred, only Bradosol, which seemed to 
alleviate the reactions in 4 of the 12 cases in which it was administered, was at 
all effective therapeutically. It is possible that any bland mouth wash might 
have been as efficacious. Bradosol was administered in this study only follow- 
ing the appearance of oral reactions. It could not be administered as a prophy- 
lactic agent owing to its own bactericidal and bacteriostatic properties which 
might have confused the conelusions drawn from the results of terramyein 
therapy. Neither multi-vitamin therapy (in 21 cases) nor Pyribenzamine 
therapy (in 22 cases) seemed beneficial in treating reactions occurring orally 
or elsewhere in the gastrointestinal tract. Most reactions, especially the oral 
ones, were found to be persistent and required from 1 to 21 days to regress. 
Diarrhea was often accompanied by intense pruritus ani. 

DISCUSSION 

The incidence of gastrointestinal complaints in the placebo control group 
indicates that some of the reactions observed during terramycin troche admin- 
istration may be the result of the elaborate taste-making base in which the anti- 
biotic is incorporated. 
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In the past, impurities in antibiotic preparations have frequently been re- 
ported as causing untoward reactions to therapy.'* When a tendeney toward a 
reaction to terramycin exists, irritative excipients and impurities may be in- 
strumental in producing a reaction. 

As reported in the literature, and in our experience, terramycin adminis- 
tered systemically in dosages 22 times as high as that involved in troche medica- 
tion has not been observed to cause reactions as frequent or as severe as those 
reported in this study. There was the clinical impression that the increased 
gastrointestinal symptoms were probably due to the continued ingestion of a 
substance so nauseating to the taste of some individuals as terramyecin. Also, the 
more continuous passage through the digestive tract of the troche medication, 
following slow dissolution in the oral cavity, may result in more continuous 
irritation thereby causing increased oropharyngeal and gastrointestinal dis- 
turbanees. 

-The relatively extreme acidity (pH 2) of terramycin preparations might 
also be a factor in causing frequent gastrointestinal upset. Owing to their low 
pH, terramyein troches might be considered a potential cause of tooth deealei- 
fieation following prolonged use. 

Although all reactions were of necessity recorded, many were of slight im- 
portance. Provided the malady under treatment warrants antibiotie therapy, 
minor reactions might be weighted extremely lightly or ignored when consider- 


ing the treatment of severe oral disease. 
CONCLUSIONS AND SUMMARY 


In a controlled study involving 218 patients, the reactions to terramyein 
troche therapy were evaluated. Of the 143 patients receiving terramyecin 
troches 76 (53.2 per cent) evidenced untoward reactions, compared with 8 (10.7 
per cent) of the 75 patients who received placebo troches, a statistically sig- 
nificant difference. 

The reactions to terramyein troches were sufficiently severe to warrant 
cessation of therapy in 14.7 per cent of the cases. The reactions were classified 
as moderate in 16.1 per cent and as slight in 22.4 per cent of the patients treated. 
Terramyecin troche medication may be utilized whenever the application of its 
individual antibacterial and antiviral spectrum is specifically indicated, but 
should not be used promiscuously or when the administration of other 
medication less likely to produce reactions is possible. In this series. reactions 
were limited principally to the gastrointestinal tract except for severe glossitis 
or stomatitis which occurred in 8 cases and pharyngitis which occurred in 5 
cases. Multi-vitamin therapy and Pyribenzamine were not effective when used 
as prophylactie or therapeutic agents against the oropharyngeal and = gastro- 
intestinal reactions. In 37 subjeets, 23 of whom had reported reactions during 
or after terramyein troche medication, no instance of sensitivity to terramyein 
by seratch test was observed two weeks following the administration of the 


troches. 
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RHINITIS MEDICAMENTOSA 


JAMES S. WALKER, M.D.* 
URBANA, ILL. 


ASAL obstruetion is a common complaint found in the fields of allergy 
N and otolaryngology. Whereas many otolaryngologists may practice al- 
lergy, seldom does the allergist practice rhinology in any detail. Aside from 
the usual listed causes of nasal obstruction, the purpose of this paper is to 
call attention to a condition known as rhinitis medicamentosa. This condition 
results from the overuse of vasoconstrictors. The improper use of vasocon- 
strictor medication was foreefully presented in a 1945 article by B. M. Kully.’ 
A report by S. M. Feinberg and S. Friedlander? a short time later warned of 
increased nasal congestion secondary to a specific nasal vasoconstrictor, 
Privine Hydrochloride. In addition, C. S. Lake® and R. E. Ryan‘ at the Mayo 
(linie recorded significant observations concerning rhinitis mediecamentosa. 
These articles, all in publications other than otolaryngologieal journals, have 
apparently gone unheeded. 

Since Mareh, 1948, I have recorded 20 patients with rhinitis medica- 
mentosa and it is certain that a general ENT practice will inelude patients 
in this category. The innumerable nasal preparations available today for 
both prescription and over the counter sales is ample indication of the con- 
tinued demand for this form of therapy. Fortunately, the percentage of pa- 
tients with undesirable effects is usually small. However, prompt recognition 
of this small percentage of patients is important from the standpoint of proper 
treatment. In addition, cognizance of this ‘‘induced’’ cause of nasal dys- 
function should govern the choice of any desired nasal medication. The pat- 
tern of development is almost standard. The patient with nasal obstruction 
is dismissed from the doctor’s office armed with a prescription for nose drops. 
This individual, if conscientious, proceeds to use the medication faithfully, 
bottle after bottle ‘‘as direeted.’’ He may even seek other medical care only 
to have a repetition of therapy. Many patients are thus resigned to the fate 
of ‘‘necessary’’ nasal medication. Others are more persistent and may shop 
around until rewarded with the proper advice, i.e., discontinuance of nasal 
medication. With the establishment of a tentative diagnosis, the patient must 
be persuaded to abstain from nasal medication. This requires diplomacy 
and salesmanship, but there should be no compromise. 


DIAGNOSIS 


The diagnosis is established by: (1) history of prolonged nasal medica- 
tion, (2) constant nasal obstruction, and (3) poor shrinkage of nasal mucous 
membranes on examination. As in any medical problem, a good history pro- 
vides the basis for diagnosis. Very often it is necessary to ‘‘dig out’’ the in- 
formation relative to the use of vasoconstrictors. Many patients are self- 
conscious about previous therapy and answer leading questions with relue- 


“From The Department of Otorhino-laryngology, Carle Memorial Hospital and Carle 
Hospital Clinic, Urbana, Ill 
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tance or embarrassment. Others consider the habitual use of nasal medica. 
tion as routine and not as a likely cause of their complaint. Thus, they min. 
imize this phase of the investigation. The second point to be evaluated in the 
diagnosis is the symptom, nasal blockage. Nasal obstruction without dis. 
charge should immediately alert one to the possibility of rhinitis medica. 
mentosa. In my observations, there is usually no appreciable nasal discharge 
or postnasal drip. Finally, while the appearance of the mucous membrane js 
not diagnostic, its ability to respond to a vasoconstrictor is usually impaired, 
This lack of response adds evidence to the correctness of the tentative diag. 
nosis. Confirmation must await proper therapy. 


CASE HISTORIES 


It is interesting to note that the initiating causes for nasal medication 
are quite common, Of 20 patients, 10 had a common cold, 5 had allergy, 2 
were pregnant, 1 had a purulent sinusitis, and the remaining 4 had nasal stuffi- 
ness from unknown eauses. It is significant that 17 of the 20 patients de- 
veloped difficulty following use of a brand of naphazoline marketed by Ciba 
under the trade name of Privine. This is available in concentrations of 0.05 
per cent and 0.1 per cent. Marked vasoconstriction is obtained with only 1 
to 3 drops. The offending agent in the remaining 3 cases was 1 per cent Neo- 
Synephrine, a product of F. W. Stearns & Co. This strength of the mediea- 
tion was obtained on prescription in one instance. Over the counter sale was 
made in the other 2 cases. The following histories are representative. 


CASE 1.—Mrs. J. L., aged 38 years, was first seen Dee, 12, 1947, for an upper respiratory 
infection with acute nasal obstruction. Neo-Synephrine 144 per cent was prescribed as nose 
drops without much benefit. On Dec. 17, 1947, the medication was changed to 0.1 per cent 
Privine with relief of nasal obstruction. By Dec. 20, there was very little nasal discharge 
but continued stuffiness and on Dee. 28 she found that unless nose drops were used about 
every 3 hours, nasal obstruction became complete. She was advised to discontinue the nasal 
medication and while she experienced discomfort for 48 hours, she had recovered on examina- 
tion 6 days later. She returned Dec. 18, 1948, because of nasal stuffiness without discharge. 
This symptom began two months previously during an upper respiratory infection. Four 
% ounce bottles of 0.1 per cent Privine had been used as a nasal spray without relief. On 
examination, the nasal mucous membrane was very red, moderately swollen, and shrunk poorly. 
There was no discharge and the sinuses were all clear. Again, all nasal medication was dis- 
continued with relief in three days. 


CASE 2.—Mrs. E. W., aged 29 years, was first seen Nov. 22, 1949, because of nasal stuffi- 
ness and discharge. She was in the fourth month of pregnancy on the first examination. 
Symptoms had begun 2 months previously with a fresh cold. Privine nose drops had been in 
constant use until 3 days ago when she had switched to 1 per cent Neo-Synephrine on her own. 
The nasal discharge had heen supplemented by fresh bleeding in the past few days. On ex- 
amination the nasal mucous membrane was fiery red, dry, and swollen. It did not shrink 
appreciably. The sinuses were clear, She was advised to stop local medication, One week 
later she reported that there was some improvement but she couldn’t stop using the Privine 
drops at night. Following a long discussion and persuasion, she threw away all nose drops. 
Within 2 weeks her recovery was complete. 

Case 3.—Mr. R. C., aged 39 years, was first seen Oct. 2, 1950, because of ‘sinus trouble’’ 
hy which he meant difficulty in breathing through the nose. He had been troubled with this 
for 10 years but it had become more pronounced in the past 2 years. He had used Privine 
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nose drops constantly in the past 2 years. At present nasal medication was used 8 to 10 


times daily. He had been advised that nothing else could be done. for his nose. Allergy tests 
and x-rays of the sinuses were negative. On examination the nasal mucous membrarie was 
moderately reddened and there was almost complete obstruction of each nasal passage. He 
was persuaded to cease using nose drops and was seen again in one week. For 48 hours 
following withdrawal, he experienced severe tightness of the nose accompanied by headache. 
However, he did not use any nasal medication and stated that he was now reasonably com- 
fortable. Examination showed a fair airway on each side. One month later he had recovered 
and did not require any treatment for nasal obstruction. 


Case +.—Mr. G. R., aged 27 years, was first seen Sept. 15, 1949, because of nasal ob- 
struction. He was known to have had hay fever since 1945. He supposedly developed a sinus 
infection about Aug. 20, 1949, and was given 0.1 per cent Privine for relief of nasal con- 
gestion. He had been using the preparation with very little relief recently. On examination 
the nasal mucous membrane was moderately red, very swollen and a small amount of muco- 
purulent discharge was present. The sinuses were all clear on transillumination. Partial re- 
lief was obtained after 24 hours withdrawal of nose drops and within 3 days he was much 
more comfortable. The symptoms of hay fever were controlled entirely by antihistaminies. 
On several later visits he remained completely comfortable. 

CasE 5.—Mrs. R. D. M., aged 41 years, was first seen on July 2, 1951, because of nasal 
obstruction, tightness and headache beginning with an upper respiratory infection June 1, 
1951. She had previously been seen in March, 1951, with acute purulent pansinusitis which 
had recovered under therapy. She stated that initially with the present cold she had used 
4 per cent Neo-Synephrine and switched to 1 per cent Neo-Synephrine on June 4, 1951. She 
had constantly used 5 drops of this solution about every 3 to 4 hours without any lasting relief. 
Practically no relief of the obstruction was noted for a few days preceding the examination. 
On inspection the nasal mucous membranes were very pale, severely swollen and there was a 
small amount of whitish mucoid discharge. The sinuses all transilluminated clearly. Five 
hours following withdrawal of the nasal medication this patient experienced a half hour period 
of nervousness, restlessness, and intense congestion of the nasal passages. The onset of these 
symptoms was accompanied by a distinct shakiness similar to a chilly sensation. No relief 
was noted until about 72 hours and then the nasal airway was only partially open. Five 
days after the initial examination there was still moderate swelling of the pale mucous mem- 
brane with some clear mucoid discharge. Within 10 days, the nasal airway was excellent dur- 
ing the day but she continued to have partial nasal obstruction at night. However, she re- 
ported no recurrence of the sensation of tightness or headache, Complete relief of nasal ob- 


struction was present 6 weeks later. 
COURSE AND TREATMENT 

Treatment is essentially complete withdrawal of all loeal nasal mediea- 
tion. Initially the patient may experience increased tightness and continued 
obstruction of the nasal passages, but this period of discomfort is surprisingly 
short. Usually after 24 to 72 hours the individual will be reasonably com- 
fortable. The liberal use of analgesies, barbiturates, heat, and occasionally 
antihistaminies help the patient from resorting to nasal medication. 


DISCUSSION 
In general, symptomatic relief of nasal obstruction is accomplished by 
vasoconstriction. This phase is usually followed by a rebound period in which 
the original nasal congestion may be exceeded. Thus a vicious cycle of con- 
gestion, vasoeonstriction, and rebound congestion is initiated. The _ basie 
cause for the obstruction may subside only to be succeeded by an indueed 
cause, i.e., the vasoconstrictor medieation. 
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‘or histologic evidence of the effect of vasoconstrictors, the results of an 
experiment by Dr. Robert E. Ryan at the Mayo Clinic are very enlightening, 
Two standard nose drop preparations were used. One was primarily 1 pep 
cent ephedrine with sodium sulfathiazole and sodium sulfadiazine added. The 
other was Naphazoline Hydrochloride (Privine). The medication was admin. 
istered four times daily to the mucous membranes of rabbits. The animals 
were sacrificed at different intervals during the experiment. A summary 
follows: both preparations caused loss of the cilia in 5 to 8 days and this 
was permanent throughout the study. The observations of the epithelial lay- 
ers showed cellular damage during the first week, edema in the second week, 
degenerative changes plus increased edema and filling of cells with mucus 
in third and fourth weeks and by the fifth week the cell layer was disor- 
ganized and had no resemblance to normal mucous membrane. About the 
eighth and ninth weeks there was a complete change from ciliated columnar 
to a nonciliated stratified squamous epithelium. The subepithelial layer 
showed edema early succeeded by thickening and fibrosis noted in the third 
week. The blood vessels were dilated several weeks but later constricted and 
sclerotic. A mucocellular exudate was present and the entire thickness of 
membrane was congested in all microscopic sections. 


CONCLUSION 


Rhinitis medicamentosa as a cause for nasal obstruction is much more 
prevalent than suspected. A diagnosis is readily made by a good history and 
the lack of other causative factors such as infection, allergy or mechanical ob- 
struction. Treatment is accomplished by withdrawal of the offending agent 
and the patient is very grateful. 
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PRECISION SCRATCHING WITH A MICRO-SCRATCHER* 


IrA R. Morrison, M.D. 
KANSAS City, KAN. 


HE Miero-Serateher described in this paper was originated and developed 

at the University of Kansas Medical Center Allergy Clinic. It has been 
used in the clinie for the past three years as the routine method of scarifying 
the epidermis prior to the application of scratch test allergens. It has aided 
the supervised novice in painlessly applying epidermis abrasions of con- 
sistently uniform depth and length. It produces a true serateh, which appears 
as a white, furrowed eireular line. Exeellent whealing reactions result 
whether the allergen is applied immediately or an hour or more after the skin 
is sérateched. Although it was not originally intended to produce painless 
abrasions, this unexpected feature has greatly enhanced its usefulness, es- 
pecially in the task of seratch testing children. Adults who have been tested 
previously by conventional methods have expressed their appreciation of this 
feature. 

DISCUSSION 

Description.—The searifier is about 434 inches long and 5% ineh in diameter. 
It is composed of a black fiber cylinder at one end of which is a brass base 
eneasing the seratehing points and at the other end a brass cocking knob. 
The scratching points are carried by a rapidly revolving central solid steel 
shaft encased in two steel tubings. One tubing is essential to the point whirl- 
ing mechanism, the other, which lines the fiber casing, to the cocking and 
release mechanism. The innermost tubing contains the central shaft and main- 
spring; the outer steel tubing lines the fiber casing body and is so grooved 
and beveled as to allow for the cocking and release of the mainspring. A trig- 
ger spring is located between the fiber body sheath and the brass base. As 
increasing skin pressure is exerted, the slot in the inner metal lining of the 
sheath descends enough to disengage the cocking knob, allowing the main- 
spring to recoil. Its sudden release occurs when a skin pressure of approx- 
imately 214 pounds is exerted. In its recoil the mainspring carries the central 
shaft on the bottom of which are the two scratching points. 

Each point produces a serateh that is an are of approximately 270 de- 
grees. The two seratches overlap to produce a circular abrasion. Some al- 
lergists using Micro-Seratehess have removed one scratching point because 
they preferred are-shaped seratehes (Fig. 2). The scratching points are made 
of highly tempered steel. To my knowledge none, as yet, has required 
sharpening. The central steel tubing is threaded into the brass base to pro- 
duce a micrometer adjustment which allows the depth of the scratching points 
to be aceurately varied to within .001 inch. In relation to the white indicator 


Allergy Clinic, University of Kansas Medical Center, Kansas City, Kansas. 
*The Micro-Scratcher may be obtained from Hollister-Stier Laboratories, Wilkinsberg, Pa. 
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Fig. 1.—Labeled photograph of Micro-Scratcher broken down to show construction. 





Fig. 2.—Single blade scratches, each increasing in depth .005 inch left to right. 
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line each vertical line on the brass base indicates a depth change of .0OL inch. 
Colored spots on each fifth marking indicate a seratch change of plus or 
minus .005 inch. As the white indicator line is rotated to the next darker 
spot, the depth of the seratching points is increased by .005 inch (ig. 3). A 
routine zero setting, or one at which the points just touch the skin, cannot be 
established, because softer skins will bulge more deeply into the base and, 
therefore, be subject to deeper abrasions. The allergist who has taken time to 
examine, experiment with and become familiar with the Micro-Serateher may 
find it necessary to vary the depth of seratch only occasionally when very 
tender or unusually tough skins are to be scratched. 





Fig. 3.—Scratches of increasing depth as indicated. The Micro-Scratcher is included in the 
photograph to demonstrate the way to hold it. 

Technique-—Prior to the application of each serateh, the brass cocking 
knob must be turned clockwise about 270 degrees, at which point an audible 
click is heard and felt, indicating that the mainspring is coiled, engaged, and 
ready for use. The instrument is then held by its black fiber sheath as one 
would hold a dart, and pressed against the skin. When a skin pressure of 
approximately 214 pounds is reached, the trigger spring will be compressed 
enough to automatically release the mainspring, allowing the central shaft and 
scratching points to whirl rapidly through an are of 270 degrees. The ab- 
scence of pain may be due to two factors. First, that only the epidermis, 
which carries no nerve endings, is subjected to trauma and, second, that pain, 
if present, is masked by the pressure and snapping sound the moment the 
serateh is applied. 

The skin-contacting surface of the base is ridged to produce skin pressure 
markings so that the position of the delicate, sometimes almost invisible 
scratch may be more readily localized (Fig. 2). After the serateh has been 
applied, the pressure should be maintained against the skin for two or three 
seconds to allow the skin pressure markings to become well established. The 
duration of time that skin pressure is applied, not the amount of pressure 
determines the persistency of the skin pressure markings. Only about fifteen 
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or twenty scratches per minute can be applied if clear cut and _ persistent 
pressure rings are desirable. A hurried technique loses advantage of this 
feature. 

It is necessary to make several scratches of different depths before choos. 
ing the depth setting most suited to the individual skin. Experience may 
diminish but will not eliminate the need for such preliminary testing. 


DISADVANTAGES AND ADVANTAGES AS DESCRIBED BY FIRST 37 USERS 


Among the chief disadvantages of the Micro-Scratcher are that it (1) re. 
quires a depth setting for each individual skin, which, for a while, may be 
‘ather time consuming; (2) produces a scratch which may persist for as long 
as a week, and occasionally even longer; (3) is too complicated mechanically; 
(4) is too slow (can apply only 15 to 20 scratches per minute) ; (5) produces 
seratches which are too deep over bony prominences; (6) is too expensive, 

The advantages of the Micro-Scratcher are that it produces epidermis 
abrasions which are (1) painless; (2) uniform in length and depth. 


SUMMARY 


A mechanical searifier developed at the Allergy Clinic of the University 
of Kansas Medical Center has been deseribed and eritically evaluated. 
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Editorial 





TISSUE CHANGES IN ALLERGIC REACTIONS 


The great majority of allergie phenomena observed in clinical medicine 
are transitory and completely reversible derangements manifested by edema, 
congestion, and smooth muscle spasm, which may occasionally prove fatal but 
otherwise disappear in the course of a few hours or days. Certain exceptions, 
such as the necrosis produced by an active tuberculin reaction, have long been 
recognized, but the extent to which prolonged or permanent tissue changes 
may be produced by allergic reactions is still not completely understood, and 
offers interesting opportunities for investigation by pathologists and elinicians. 

The interest of allergists in the past was largely concentrated on the im- 
munological mechanisms and more recently on the altered physiology, espe- 
cially the role of histamine, while relatively little note was taken of the 
histologic changes, occurring in such reactions. However, as early as 1913, 
Longeope deseribed lesions of the kidneys, heart, and liver produced in animals 
by experimental sensitization with foreign proteins. These studies were ex- 
tended by Klinge and Vaubel as well as Epstein and others with increasing 
evidence that prolonged or repeated contact with antigens gave rise to 
persistent tissue changes. More recently Rich and Gregory have described 
in detail lesions of the arteries and heart in animals given large injections of 
heterologous serum and have pointed out the striking resemblances of such 
lesions to those of periarteritis nodosa and rheumatie fever. 

The applicability of these experimental findings to human disease was 
indicated in the description by Clark and Kaplan of endocardial, vaseular, and 
other mesenchymal lesions in a case of human serum sickness. With the 
widespread use of sulfonamides, and clinicians being increasingly familiar 
with drug fever and drug rashes, pathologists report many instanees of 
arteritis and focal necrosis with monocytic infiltration, in the myocardium, 
liver, spleen, lung, and other organs of patients who have received these drugs. 
Many of the patients showing such lesions at autopsy have suffered typical 
manifestations of drug allergy during life; in other cases considerations of 
duration and dosage of the medication support the belief that these tissue 
changes are manifestations of drug sensitization rather than primary tocicity. 
While such lesions have most often been noted after use of the sulfonamides, 
instanees following the use of iodides, thiouracil, and other drugs indicate that 
sensitizations to many different medications, probably including penicillin, may 
produee similar tissue changes. However, as in many other drug reactions 
believed to result from sensitization, conclusive immunologie evidence of 
allergy, demonstration of a specific antigen and antibody, has not yet been 
accomplished. 
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The strongly suggestive evidence that these histologic changes result from 
drug sensitization naturally suggests that morphologically similar lesions in 
spontaneous diseases of unknown cause occurring in patients who have not 
received drugs, may also be the results from allergic phenomena. Cruber in 
1925 suggested that periarteritis nodosa was an allergic disease. This hypoth- 
esis received indirect support from clinical studies of the development of 
periarteritis nodosa in patients with pre-existing asthma and more direct 
evidence from the extensive histologic studies of Rich. This theory offers the 
best available explanation of the mechanism of periarteritis nodosa, but in no 
spontaneously occurring case has a specific antigen been established by either 
clinical or immunologic evidence as the cause. 

The same is true of the infiltrative lesions of lung, myocardium and other 
organs described in this tissue by Harkavy and in a recent issue by Chapin, 
Chobot, and Beisler. Such tissue changes have frequently been associated 
with arteritis similar in histologic appearance to typical periarteritis nodose 
and also with chronic asthma. The hypothesis that such lesions are allergie 
is exceedingly attractive and gains support both from the presence of numerous 
eosinophilie cells in the lesions and in the blood stream, and from the apparent 
beneficial effects of ACTH and cortisone in cases where they have been em- 
ployed. However, except in instances where the syndrome has followed the 
use of a drug, no specific allergen has been demonstrated. Since several 
cases have developed in patients with long-standing intrinsic or infective 
asthma, suspicion is naturally directed toward infective agents as the causative 
allergens. 

Pathologie studies have offered a strong hypothesis concerning the allergic 
nature of these lesions. Final proof depends on the elinician and im- 
munologist. In the words of Klemperer ‘‘allergy is a dynamie process which 
provokes certain tissue changes, which in themselves are not characteristic. 
To try to prove existence of a dynamic process from purely morphologic 
observations must lead to sterile speculation. ”’ 
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